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TIMELINES 


December  3,  1993 


Rich  Shimko 
Roy  F.  Weston,  Inc, 

One  Weston  Way 

West  Chester,  PA  19380-1499 

RE:  Watertown  Arsenal 

Watertown,  Massachusetts 

Dear  Mr.  Shimko: 


Thank  you  for  the  opportunity  to  respond  to  the  comments  received  concerning  our  analysis 
of  the  archaeological  potential  of  AMTL  Watertown,  MA.  These  letters  address  two  major 
issues:  first,  the  accuracy  of  our  assessment  of  a  portion  of  the  project  area  tested  with 
boring  02SB-4  (TL  6)  and  second,  an  assessment  of  the  "area  east  of  Building  43"  with 
recommendations  for  additional  testing  in  advance  of  planned  new  construction. 

1.  Boring  02SB-4  (TL  6) 

While  the  boring  profile  presented  in  Appendix  B  of  the  report  identifies  "natural"  soil 
beneath  2,6  feet  of  fill,  a  closer  examination  will  reveal  that  this  "natural"  soil  is  described  as 
"coarse  silty  sand  with  pebbles,"  which  is  Timelines'  description  of  the  C  Horizon  (or  possibly 
the  interface  between  B  and  C) .  This  is  consistent  with  our  identification  of  hypothetical 
core  1  of  Figure  15  as  having  low  potential,  which  is  in  turn  consistent  with  our  map  of 
archaeological  potential  as  presented  in  Figure  17.  We  believe  that  Figure  17  reflects  as 
accurately  as  possible  the  archaeological  potential  of  the  project  area.  Since  this  assessment 
was  derived  from  the  analysis  of  2. 5 -in.  cores  taken  throughout  the  project  area,  the 
boundaries  between  zones  of  potential  cannot  be  considered  exact  but  can  be  used  for  making 
resource-management  decisions  in  the  face  of  planned  land  disturbance  when  taken  with  the 
other  analysis  approaches  presented  in  the  report, 

2.  Area  of  planned  development  east  of  Building  43. 

The  area  east  of  Building  43  is  the  far  northeast  comer  of  the  project  area  near  the  Main 
Gate.  Analysis  of  this  area  is  driven  by  borings  GRSB-10  (TL  50),  03SB-2  (TL  8)  and 
03SB-1  (TL  11). 
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►  GRSB-10  (TL  50)  -  Examination  of  this  profile  indicates  that  no  fill  overlies  the 
remaining  soil  horizon,  therefore,  whatever  the  archaeological  potential  of  this  horizon, 
it  is  highly  vulnerable.  Further  examination,  however,  indicates  that  the  first  horizon 
encountered  in  the  boring  is  described  as  "sandy  soil,  some  small  gravel, "which  is  our 
definition  of  the  low-potential  C  horizon,  (This  is  consistent  with  the  small  low- 
potential  node  in  the  northwest  comer  of  Figure  3  7). 

►  03SB-2  (TL  8)  -  This  boring,  taken  from  within  Building  43,  reveals  16.5  ft.  of  fill 
over  "sand”  (our  B  horizon),  followed  by  "clayey  sand" (our  subsoil),  It  is  not  unusual 
to  have  soil  profiles  with  one  or  more  horizons  missing  (in  this  case,  the  C  horizon), 
and  we  have  taken  the  conservative  approach  by  identifying  the  "sand"  as  the  B 
horizon.  The  existence  of  a  B  horizon  is  consistent  with  our  identification  of  medium 
potential  (Figure  15),  which  is  in  turn  consistent  with  Figure  17. 

►  03 SB- 1  (TL  1 1)  -  This  boring  was  in  reality  the  drilling  of  a  monitor  well  and  as 
such  was  not  monitored  as  closely  as  the  test  borings.  The  log  in  Appendix  B 
indicates  that  the  first  description  is  at  five  feet  and  is  "sand  with  gravel  and  small 
stones  underlain  by  "brown  silt  and  some  gravel."  This  latter  may  be  an  A  horizon, 
but  its  great  depth  (10  ft.)  makes  this  supposition  doubtful.  We  have  thus  assigned  a 
low  potential  to  this  point.  Its  mathematical  weight,  however,  was  not  enough  to 
change  this  area  to  "low"  from  its  more  conservative  "medium"  rating. 

For  the  area  east  of  Building  43,  therefore,  it  appears  that  the  fill  grades  from  1 6.5  ft.  to  0.0 
feet.  A  zone  of  medium  potential  with  little  or  no  fill  for  protection  is  next  to  the  most 
vulnerable  area  of  the  study  area  as  illustrated  in  Figure  19.  The  low-potential  node  with  no 
fill  for  protection  is  slightly  less  vulnerable,  but  still  may  contain  remains  of  resources 
(especially  deep  Historic  period  features).  It  should  be  remembered,  as  stated  in  the  report, 
that  low  potential  does  not  mean  NO  resource  potential.  Using  Figure  19  as  a  guide  to 
resource-management  decisions  (Figure  17  is  only  one  part  of  the  equation),  it  appears  that 
archaeological  resources  in  the  area  east  of  Building  43  have  a  medium  potential  for  being 
encountered,  even  with  little  ground-disturbing  activity.  Therefore,  it  would  seem  appropriate 
to  recommend  a  more  detailed  subsurface  examination  to  locate  and  evaluate  the  significance 
of  these  resources  prior  to  their  disturbance  through  development  construction.  This 
additional  work  will  be  important  in  refining  the  analysis  of  the  Timelines  report. 

This  further  examination  illustrates  a  confusion  on  the  part  of  reviewers  as  to  how  to  use  this 
report  effectively  in  resource-management  decisions.  The  main  tool  for  evaluation  is  the 
vulnerability  index  in  Figure  19  and  Table  4  and  is  a  direct  result  of  developing  sensitivity 
models  from  the  boring  data.  Using  these  tools,  decisions  for  further,  more  detailed 
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assessments  at  specific  locations  can  be  made.  To  assist  in  this  assessment,  we  are  providing 
a  revised  page  2!  of  the  report,  which  dearly  identifies  the  characteristics  necessary  to  trigger 
additional  subsurface  analysis. 

We  hope  that  the  above  discussion  has  met  your  needs.  Should  you  have  any  other  questions 
or  comments,  we  stand  ready  to  address  them. 
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L  INTRODUCTION 


This  report  builds  on  previous  cultural-resource  work  at  the  Army  Material  Testing 
Laboratory  (AMTL)  in  order  more  accurately  to  define  the  areas  within  the  Laboratory  that 
may  contain  subsurface  remains  of  historic  or  prehistoric  resources.  The  three  most  relevant 
studies  to  this  effort  to  date  are  the  Public  Archaeology  Laboratory  (PAL)  report  (Historic 
and  Prehistoric  Reconnaissance  Survey,  Army  Materials  Technology  Laboratory,  Watertown 
MA  [Fitch  1989]),  the  Envirosphere  overview  (Archaeological  Overviews  and  Management 
Man  (sic)  for  the  Army  Materials  and  Mechanics  Research  Center  [Klein,  et  al.  1984]) 
referred  to  throughout  the  PAL  report,  and  the  report  of  the  Harvard  Institute  for 
Conservation  Archaeology’s  Data  Recovery  project  at  the  Amphitheater  Site  just  outside  the 
current  site  limits  (The  Amphitheater  Site:  A  Late  Archaic  Settlement  in  Watertown 
Massachusetts  [Barfield  &  Barber  1982]). 

AMTL  is  immediately  adjacent  to  the  Charles  River  in  Watertown  Massachusetts.  Figure 
1  illustrates  its  location,  while  Figure  2  is  a  more  detailed  map  of  the  project  area.  Figure 
3  illustrates  the  surface  topography  defining  a  slight  downward  slope  toward  the  Charles 
River.  This  slope,  over  the  years  has  been  filled  to  level  it  for  more  efficient  use. 

The  analysis  described  in  this  report  confirms  much  of  PAL’s  earlier  work  while  filling  in 
the  gaps  identified  by  PAL  and  providing  data  relative  to  actual  disturbance  that  was  only 
speculated  upon  in  the  earlier  work. 

The  results  of  this  reports’  analysis  include  a  map  of  expected  zones  of  archaeological 
resource  potential,  a  map  of  depth  of  fill  over  these  various  zones  and  the  identification  of 
those  areas  within  the  AMTL  where  potentially  significant  archaeological  resources  are 
vulnerable  to  various  levels  of  future  ground  disturbance. 

The  current  study  evaluates  63  two-and-a-half-inch  split-spoon  cores  (extracted  in  the  course 
of  Phase  II  field  investigations)  with  the  intention  of  identifying  areas  within  the  site  that 
have  a  potential  for  containing  archaeological  resources.  Some  cores  were  identical  with 
a  set  of  borings  establishing  a  grid  of  300  ft.  throughout  the  site  (Fig.  4).  Others  were  cores 
taken  in  accordance  with  Weston’s  plan  for  pinpointing  potential  soil  contamination 
locations  identified  through  background  studies  (Fig.  5).  Figure  6  identifies  the  locations  of 
all  cores. 

The  coring  operation  was  conducted  in  accordance  with  OSHA’S  guidelines  for  hazardous- 
waste  site  evaluation  and  required  Level  C  personal  protection  for  some  of  the  locations 
within  the  various  buildings  that  may  have  contained  hazardous  materials.  All  direct 
participants,  including  the  archaeological  team,  had  been  certified  for  work  at  such  locations 
through  the  successful  completion  of  the  OSHA  40-hour  hazardous-waste-site  workers’ 
instruction  course. 
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Figure  1  -  Project  location. 
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Figure  2  -  Site  map. 
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Figure  3  -  Surface  topography. 
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Figure  4  GHd  core  locations. 
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Fignre  6  •  Composite  map  of  core  locations. 
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a  PREVIOUS  STUDIES 


The  PAL  study  (Fitch  1989)  comprised  an  exhaustive  search  of  documentary  evidence  to 
locate  zones  of  possible  prehistoric  activity,  to  confirm  the  locations  of  historic-period 
features  within  the  project  area  as  closely  as  possible,  and  to  assess  the  disturbances  that 
may  have  compromised  the  integrity  of  these  archaeological  resources.  Figure  7  illustrates 
the  location  of  the  officially  recorded  prehistoric  site  19-MD-323  described  in  Table  1; 
Figure  8  illustrates  PAL’s  determination  of  prehistoric  site  potential. 


Fignre  7  *  Location  of  known  prehistoric  site. 


Table  1  -  Known  Prehistoric  Archaeological  Sites  at  the  AMTL  Facility 


bo 

cation  :  ";|i 

Site  No. 

§f  Site 1 : 
|  Name 

Ciituhsa  Temporal 
M  AffBaflon 

Reference 

West  end,  near  old 
Powder  Magazine 

1 

19-MD-373 

Powder 

Magazine 

Late  Archaic- 
Watertown  Phase 

Guernsey  ar>d  Frazer 

Collection  1U80-1910 

Dincauze  1968  (MHC  files)  1 
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Figure  8  -  Prehistoric  potential. 


Table  2  (originally  from  Klein  et  al.  1984)  describes  the  potential  non-military  and  arsenal- 
related  historic  archaeological  resources  at  the  AMTL  while  Figure  9  locates  the  sites  and 
Figure  10  establishes  PAL’s  assessment  of  historic  archaeological  potential. 

Using  the  data  from  documentary  sources  as  well  as  a  knowledge  of  disturbance  levels  from 
various  historic  activities,  PAL  assigned  the  designatiofr'disturbed"  to  the  entire  AMTL 
Data  gaps  identified  by  PAL  which  called  for  a  more  accurate  assessment  include  the  need 
for  subsurface  examination  to  evaluate  the  nature  and  distribution  of  land-moving  and  land- 
filling  activities,  as  well  as  additional  research  to  aid  in  the  assessment  of  disturbance  from 
landscaping  and  other  sources.  The  Phase  II  field  investigation  has  offered  an  invaluable 
opportunity  to  obtain  these  additional  data.  As  PAL  points  out: 

This  [subsurface]  investigation  would  be  critical  to  an  evaluation  of  the  physical 
integrity  of  any  potential  prehistoric  resources.  (Fitch  1989:88) 

and, 

Preliminary  sub-surface  testing  of  each  potential  (historic)  site  location  would 
determine  the  presence  or  absence  of  intact  structural  remains  associated  with  each 
site.  (Fitch  1989:94) 
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Table  2  -  Potential  Non-Militaiy  and  Arsenal-Related  Historic  Archaeological  Resources 
at  the  AMTL  Facility  (Source:  Klein  et  aL  1084) 


Site  No. 

Description 

Occupant 

„  .  H 

Reference 

Sir d-1 

Dwelling 

G.  A*  Sawyer 

Beers  1875 

Bird-2 

Dwe  lling  /Outbu  if  ding 

_ 

Beers  1E75 

Bird-3 

Owelling 

G.  A.  Sawyer 

Beers  1075 

Lacker- 1 

Dwelling 

D.  Condon 

Beers  1875 

Lacker-2 

,  Outbuilding 

_ 

Dobbs  1977 

Lacker-3 

Outbuilding 

— 

Dobbs  1977 

Lacker-4 

Dwelling 

- 

Arsenal  Flan  1942 

Quirk-1 

Dwelling 

Mrs.  K  Cushman 

Beers  181*5 

Quirfc-2 

Outbuilding 

Mrs,  A.  Cushman 

Beers  187  5 

Simmons- 1 

Dwelling 

- 

Beers  1875 

Arsenal  Pen  1923 

Simmons-2 

Store 

_ 

Arsenal  Ran  1923 

Simmons^3 

Outbuilding-Barn 

- 

Beers  1875 

Arsenal  Ran  1923 

1 

Simmon  s-4 

Duelling 

— 

Arsenal  Plan  1923 

1 

Dwelling 

Arsenal 

Dobbs  1917 

2 

Building  214  (site  of  1842  laboratory) 

Arsenal 

Dobbs  1977 

3 

Building  123  (site  of  pre-1862  NCO  quarters) 

Arsenal 

Dobbs  1977 

4 

Building  45  (1915  Press  Shop) 

Arsenal 

Dobbs  1977 

5 

Building  216  (1886  Winding  Shed) 

Arsenal 

Dobbs  1977 

6 

Bolding  922  (Foundry  Shed) 

Arsenal 

Dobbs  1977 

\  i 

Building  921  (1917-1919  Garage) 

Arsenal 

Dobbs  1977 

6 

Building  913  (manure  shed  and  pit) 

Arsenal 

Arsenal  Rans  1919*  1921 

9 

Building  96  (set  of  track  scales) 

Arsenal 

Arsenal  Ran  1921 

10 

Building  145  (guard  house} 

Arsenal 

Arsenal  Ran  1956 

11 

Site  of  Tennis  Courts,  Gas  Pump  and  Tanks 

Arsenal 

Arsenal  Rai  1918,  1919 

12 

Site  ot  Wagon  Shed 

Arsenal 

Arsenal  Plan  1918,  1919 

13 

Site  of  Shed 

Arsenal 

Arsenal  Ran  1918,  1919 

14 

Site  of  Two  Pottery  Sheds 

Arsenal 

Arsenal  Ran  1918,  1919 

15 

Sit#  of  Oil  Storage 

Arsenal 

Arsenal  Ran  1918,  1919 
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The  ICA  report  provides  two  sets  of  data  relevant  to  the  current  analysis.  Hie  first  is  the 
confirmation  of  the  current  existence  of  a  prehistoric  site  (the  amphitheater  site)  in  a  setting 
identical  to  that  found  within  the  current  study  area  (as  well  as  adjacent  to  it)  and 
establishes  the  nature  of  the  soil  stratigraphy  associated  with  a  prehistoric  site  in  this 
location. 

--the  Arsenal’s  location  on  a  sandy,  well  drained  terrace  overlooking  the  Charles 
River  estuary  was  a  preferred  occupation  area  during  the  prehistoric  period.  (Fitch 
1989:85) 

Figure  11  illustrates  the  stratigraphy  of  the  Amphitheater  Site  along  a  north-south  face  of 
excavation  area  C  (Fig.  12),  which  is  at  the  25-to-24-ft.  contour  level  (Fig.  13).  For  our 
purposes  in  the  current  analysis,  we  will  use  this  profile  as  the  standard  (or  the  describing 
recovered  cores.  In  Figure  11  strata  1,2  and  3  represent  the  A  horizon,  4  and  5  the  B 
horizon,  and  6  and  7  the  C  horizon.  For  a  more  detailed  discussion  of  the  soil  stratigraphy, 
see  Section  HI,  Methodology,  in  this  report. 


Area  C,  West  Wall 

0  Soil /humus 

®  Snxun-blick  soil,  possibly  a  buried  horfion 
(D  Dark  brown  subsoil 
®  Yellow-brown  gravelly  stony  soil 
(|)  Dirk  yellow  fine- grained  sand 
®  Light  yellow  fine-grained  sand 
®  Light  yellow  send  with  small  pebbles 

©A  pit- shaped  Intrusion  Into  the  natural 
strata  with  mired  soils  most  likely  a 
pothunter's  old  shovel  hole. 
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As  pointed  out  above,  it  is  critical  to  the  analysis  to  establish  the  "normal"  soil  profile 
accurately,  since 

the  major  restraint  to  prehistoric  archaeological  resource  potential  is  the  disturbance 
of  natural  topsoils  and  some  subsoils  that  would  have  contained  the  prehistoric 
depositions  (Fitch  1989:88). 


K-14 


K-15 


m.  METHODOLOGY 


A.  Core  Monitoring 

Each  one  of  the  63  cores  extracted  for  the  Phase  II  field  investigation  was  monitored  by  an 
archaeologist  trained  in  the  identification  of  glacial  soils.  Upon  extraction,  both  the 
archaeologist  and  the  Weston  geologist  independently  identified  soil  color  (via  comparison 
to  a  Munsell  standardized  color  chart),  silt/clay  ratios  and  fraction  of  gravel.  These  data, 
as  well  as  other  observations,  were  recorded  on  standardized  forms  designed  for  this 
purpose.  Appendix  A  contains  the  forms  completed  by  Timelines,  while  the  Weston  forms 
are  in  Appendix  B.  From  time  to  time,  artifacts  were  recovered  from  tie  cores.  These 
were  cleaned  and  catalogued  on  Timelines'  Computer-Cataloguing  System  Appendix  C  is 
the  artifact  catalogue.  The  archaeologists  maintained  field  notes,  which  are  retained  at  the 
offices  of  Timelines  and  are  available  for  inspection. 

B.  Establishing  "Normal"  Stratigraphy 

In  order  to  assess  the  integrity  of  the  recovered  soil  profile,  it  was  necessaiy  to  establish  a 
so-called  "normal"  profile  by  which  all  others  would  be  evaluated.  Using  the  profile  of  the 
west  wall  of  area  C  of  the  Amphitheater  Site  excavations,  we  searched  the  recovered  cores 
for  similar  stratigraphy.  Weston  core  no.  02SB-3  (Timelines  no.  5)  exhibited  the  closest  fit. 
This  core  came  from  under  the  floor  of  Building  311  (1917);  there  was  no  evidence  of 
previous  disturbance  from  the  core  or  from  the  background  research.  Figure  14  relates  the 
stratigraphy  of  core  no.  5  to  standard  descriptions  of  soil  horizons  commonly  used  in  New 
England  archaeology,  which  are  described  thus  by  Limbrey  (1975): 

Mixed  Mineral  and  Organic  Horizons  -  A 

The  mixture  of  mineral  and  organic  material  produced  by  earthworm  activity  is 
known  as  mull  humus.  Humification  is  rapid  and  tales  place  within  the  soil  rather 
than  at  its  surface  and  the  humus  substances  are  in  intimate  association  with  clay 
minerals  and  calcium.  (Limbrey  1975:78) 

Horizons  of  Accumulation  -  B 

These  are  subsurface  horizons  where  an  absolute  or  relative  accumulation  of 
products  of  mineral  alteration  or  of  humus  substances  has  developed  as  a  result  of 
alteration  in  situ  or  as  a  result  of  translocation  from  overlying  horizons.  (Limbrey 
1975:79) 

C  Horizon 

The  C  horizon  is  the  lowest  part  of  the  profile,  the  rock  undergoing  alteration  under 
the  influence  of  moisture  percolating  from  the  soil  above  and  deeper  roots  of  plants, 
which  has  not  reached  the  stage  at  which  rock  structure  is  obliterated.  (Limbrey 
1975:81) 

This  last  definition  must  be  modified  for  southern  New  England  by  the  notation  that  the  C 
horizon  can  be  underlain  by  glacial  till  or  clay  deposits  resulting  from  outwash 
sedimentation. 
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C  Defining  Fill 


With  all  the  core  logs  in  hand,  we  refined  our  definition  of  "fill"  to  include  only  those  soils 
that  contained  brick,  ash,  artifacts,  or  other  clearly  identifiable  items  of  human  manufacture. 
This  was  done  when  it  was  clear  that  in  some  cases  the  archaeologists  and  geologists 
disagreed  in  their  identification  of  a  fill  horizon  and  the  archaeologists  sometimes  revised 
their  definitions  over  the  course  of  the  core  monitoring. 
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Figure  14  -  Core  025B-3  (Timelines  No.  5), 
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D.  Establishing  Archaeological  Potential 


Figure  15  illustrates  the  model 
used  for  the  establishment  of 
archaeological  potential.  Core  1 
has  the  A  and  B  horizons 
completely  obliterated  and  thus 
has  a  low  potential  for 
containing  prehistoric  resources 
and  may  only  contain  truncated 
remains  of  historic-period 
features  such  as  wells  and 
privies.  Core  2  has  the  A 
horizon  removed  but  some  of  the 
B  horizon  remains  intact.  Thus 
there  is  a  moderate  possibility 
for  the  existence  of  intact 
prehistoric  and  historic 
resources.  Cores  3,  4  and  5 
illustrate  three  cores  that  have  a 
high  potential  for  containing 
intact  prehistoric  ,ind  historic  resources.  Core  3  has  a  truncated  A  horizon  but  all  other 
elements  of  this  core  remain  intact.  Core  4  has  all  "normal"  soil  horizons  intact  but  has 
been  covered  by  fill.  This  situation  has  protected  prehistoric  and  historic  resources,  should 
they  exist.  The  final  core,  no.  5,  illustrates  the  "normal"  stratigraphy,  which  could  also 
contain  intact  prehistoric  and  historic  resources. 

E.  Analysis 

Each  core  log  was  examined  and  assigned  one  of  three  levels  of  archaeological  potential. 

Level  1  =  High  Potential  (Fig.  15,  no.3,  no.4,  and  no.5). 

Level  2  =  Medium  Potential  (Fig.  15,  noJ2) 

Level  3  =  Low  Potential  (Fig.  15,  no.l) 

The  X  and  Y  position  of  each  core  on  a  preestablished  grid  pattern  was  documented,  and 
the  surface  contour  noted.  Finally,  if  fill  was  present,  the  depth  of  fill  to  the  natural 
stratigraphy  was  recorded.  This  information  was  entered  into  the  surface  mapping  Surfer 
computer  program  to  establish  the  distribution  of  the  various  zones  of  potential  over  the 
project  area.  In  addition,  the  depth  of  fill  across  the  site  was  mapped.  For  all  Surfer  maps, 
the  inverse  distance  gridding  process  was  used  with  a  25  X  25  grid. 
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IV.  RESULTS 


A.  Archaeological  Potential 

Figure  16  illustrates  the  location  of  all  the  cores  used  in  the  analysis  of  archaeological 
potential.  Table  3  shows  the  results  of  the  analysis  of  each  of  the  63  cores  and  is  what  was 
used  in  the  Surfer  program  to  map  the  zones  of  potential  and  depth  of  fill. 
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Figure  17  maps  the  zones  of  archaeological  potential  resulting  front  the  analysis  of  the  recovered 
cores. 
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B.  Site  Vulnerability 

Figure  18  illustrates  the  depth  of  fill  across  the  project  area.  The  integration  of  fill  depth  and 
archaeological  potential  provides  an  index  of  how  vulnerable  existing  archaeological  resources  may 
be.  For  this  analysis  the  most  vulnerable  areas  are  those  that  have  little  if  any  fill  protection  over 
zones  of  high  potential,  while  the  least  vulnerable  are  zones  of  low  potential  covered  by  four  or 
more  feet  of  fill.  Table  4  illustrates  the  stratification  of  vulnerability.  Figure  19  illustrates  the 
vulnerability  index  across  the  project  area. 
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Figure  19  -  Vulnerability. 
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Table  4  •  Vulnerability  Index 
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C.  Identifying  the  Known  Prehistoric  Site 

Timelines’  core  no.  22  comes  the  closest  to  the  location  of  19-MD-323.  A  careful  analysis  of 
this  core  revealed  no  material  diagnostic  of  a  prehistoric  site  (Table  1,  page  6).  Indeed,  the  zone 
where  prehistoric  evidence  might  have  existed  was  occupied  in  this  core  by  rock. 

D.  Identifying  the  Known  Historic  Sites 

Table  2  (page  8)  illustrates  the  results  of  careful  analysis  of  those  cores  closest  to  historic  sites 
identified  in  the  PAL  research  documentation.  A  copper  artifact  found  in  core  no.  1  from  the 
location  of  Bird-2  is  possible  evidence  for  a  historic  site  remaining  at  this  location,  although  this 
area  of  medium  potential  is  covered  by  4.5  ft.  of  fill.  Evidence  for  the  existence  of  Arsenal  Site 
no.  8  may  be  the  slate  fragments  found  at  a  depth  of  7  ft  in  a  zone  of  high  potential  under 
approximately  4.5  ft  of  fill.  There  does  not  appear  to  be  any  evidence  to  confirm  or  deny  the 
existence  of  the  historic  sites  expected  to  have  been  on  the  site.  Test  excavations  designed  to 
locate  these  sites  would  be  required  to  supply  these  data. 
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ARTIFACT  CATALOGUE 


K-27 


& 


rvj 


** 

1/1  cv 
(\J  i«1  i> 
S  **  O 
IV  <o  c 


•i  i 


—  U  V 


■V  X  ^  ^ 


C/1  W 

—  « 

—I 

L. 

tu  *» 

|  5 

< 

< 

u 

>k 

>■  v 

g  ~ 

<  « 

s  I 


JC  u  ^  M  ^ 

u  ^  %T  o  o  o 

f~  t-  (I  L  u  L 

EE  EE  _l  CO  CO  m 


5  : 


L  I  M 
*  »  * 

>►  *  IA  J  C  \f  (V  (\l  fy 
Q  I  •  I  l  i  i  t  p 

-1  I  •“vT'OCV*’’*—  *—*—*-**—  N1 
%  I 

**  »  ICnf*^**IV(Mr-OIIVni 

<£  * 

3  l  0«-0v*-000000 

li 

H-  * 

t 

i  tltlVQ/O’U'  tJVDCtaj 

*S  1  l-i-ULLL'.tLL.L 

c«  ooooooooooo 

3  *  (jyouuuuuuug 


s 

5 

"5 

«-r 

A3 

a 


*-fMro>tinK-qooor'fvj 


K-29 


APPENDIX  B 


TIMELINES  BORING  LOGS 
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racl 

So” 

■10- 


-1 L 

-H 

-It 

*n 

-if 

+— vs 


-Li 

-III 


- W 


CLASSIFICATION 


NOTES 


o-c.-s*  As**i+ 

.  i to ■■{., rto*\ jt't  ,■*-;<  $7'e  "o 

fc^  7^-“- cp**ik»JI 


Pol 


HE 


± 


ro 

T" 


,c>tV  l  r«.;«  ,  looit ,  no^pUvv  +f‘. 


q  s  ?■  to  4'. 

tSPN 


TS7»«twO  Jtfry 


A/o  S^w^tc  ''t  ct^ 


,  iO;rV:i 


v  j 

CS^^* 


v* 


-lL 


:ric  .  it  atopic  j-trip 

(^WN)  J  J.  g  J.  ?:nt  -U  ritJ 


1 9  >  7r-V..V  -  «'vn3i,%jioou 

SE  1 1^.3 -'^ri  ,£>'5VW 

Z_~1  ’  y  ~  3->  9^^  *'»  v : W  ^  pU .»» 

iQ{  a  T\^  -  1  _  _ i  i  .  l 


IE 


VO 


s 


ii. 


Ooa^svVtl  S*>*A 
RAfA  ferKvtV.  (sW) 


U% 


IQ'/. 


o Y.  tUV'>y 


Sov.rgLo--. 


toa-;  Xu-ith 


iQJV.rec  .xrv 


f^w)  r 

n.t-n.1  oyrsyj  rb.-^jVb,  **it  S*iL  Hwu-S’u^H 

■'l-VA'l  S>SA  '  <w , V:t.  f -.*■..  1^-.. 


S^r^f  vVc  ^  vTr^  -v  p'<~trtr^-y  ^i^ir 

^r/ra>.  rcHv 


— '  °v  ^  *-'• 


~1S  *4  ?fvm4f  ^ 


UO r  rCto--.ry 


M£NTS:  LlnVc^ T'uL'cv.'Ve  J  9<  el  A  StrctwC'it.  tp  :  ^ 

iVr^V.-v/v.  o-v(L  vjoc'i  c-V  Wvi.V  .  j  J 


COMMENTS: 


K-122 


ROY  F.  WESTON,  INC. 

CLIENT:  Aon*  y&e AWc/V-li  7*tnrW<gy  LuJicr^hry 
LOCATION:  *7  B-l-ll-Of  uWerbuWi.Avt 
WORK  ORDER  NUMBER:  ^2-61-11-01 


WELL  LOG 

WELL  NUMBER:  RFW-o^Vil 
PAGE  1  OF  ± 


ORnjJNG  EQUIPMENT 

[  DRILL  MQ 

mmw 

HAMMER 

WEIGHT 

;mq  u 

LENGTH 
OF  FALL 

30" 

DRILLING  CONTRACTOR:  J-"t- 

DRILLING  DATES:  <o/8hl 
INSPECTOR:  C-r-s  *.i\ 

BOREHOLE  DEPTH:  I i  .oFT.  BaOW  GROUND  SURFACE 

WELL  DEPTH: _ ,  FT.  BELOW  TOP  OF  PVC  CASING 

ELEVATION  OF  TOP  OF  PVC  WEIL  CASING:  FT.AMSL 

GROUNDWATER  ELEVATION:  /VA  FT.  AMSL 


WELL  CONSTRUCTION 


DEPTH 

(FEET) 


SAMPLE 

NUMBER 


CLASSIFICATION 


2  l&l  fry,  77HZ 

( f  )j '  \/*st  ' 


NOTES 


—z 

1 - - 

— 4 

;  — 5 

- 4 

-  —  - 

— 

=4 

“  «—  W 

it 


:p laurel 

fgs&t  2  «vi 

Ihu-  ***Jirt  *J  /;  to  6^ 

Sb%  tw&&iy  I 
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hoY*  rt£.e*tfy 
ftf*/*  rttfszrA 


X  /s£ftW  £4 -#'-4.4/);  Uyjery* 

flt  <usi* ;  f*~>f^tk*ty  /ptcs/f 

<tSm4/ Shffc  Sfajy;  hf&s/f- 

4L!r 

/CK*/+  !n  ' 


-10- 


-11 


AIL  </5V  moiit,  5i>fft  Uuj 

*  pkshcf-y  t  iQtat/i 


-  KA-i-a. 

-14 - 

-is 

-Kr| - 


Hir  ^  ^  a  m^eJ;  ^(S  j-  5f,  y:C  /,  w 

f’kificvFy  toYtSj/*f- 

pitchy;  •*' S'ficJajy j  ,cteff/+ 


/DO*/  etcc/ivy  I 

looZ 

,ou>  lOOZnma 


COMMENTS:  -tdTAv  "bGFT/t  TD  WATtR-  TAftlfr  ^ 

Ol^S'  5 


FIGURE  A3-2  BOREHOLE/WELL  LOG  SHEET 
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ROYF.  WESTON.  INC 

CLIENT:  f\  fi.-A.*  I  f<HWC4.0frY 

•  OCATION:  ^^TEi-^^v  ,a\a 
WORK OROER NUMBB*  UT''"'61 


WELL  LOG 

WELL  NUMBER:  <5^8-3- 

PAGE/  OF 


OR  HUNG  CONTRACTOR:  fc  4  R 
DRHUNG  DATES:  h-to-9, 

INSPECTOR;  Aich*** 

BOREHOLE  DEPTH:  /(>  .  FT.  BaOW  GROUND  SURFACE 
WEXOEFTH:  fTbELOW  TOP  OF  PVC  CASING 

ELEVATION  OF  TOP  OF  PVC  WSL  CASING:  N  A  FT.  AMSL 
GROUNDWATER  ELEVATION:  N  >  FT,  AMSL 


DflflJJNG  EQUIPMENT 


ORLLRIGIbFMf v 


SAMPLER!  i  Vt  "  ^»r  tito.. 


I  HC  lb 


So" 


WHL  CONSTRUCTION 

oam 

Fail 

ir 

CLASSIFICATION 

NOTES 

la-/* 

No  ulCLL  Z^4rAU.e(i  ■ 
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j  aj  *  €  €  to  m 
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// 

1  V/i  i*FT. 

j  P*i-<ih^  *rrrrb  £a~*  # 
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_ a  . 

s-j 

r*t&v£cA 

*A  - 

I 

V 
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/J 
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zt 
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, 
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f«o 
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Z?  1 

i<tj*  f/l  iAj£r  t 

Silt  /**•  Co**-\  #  l’Z  *"/ 

(C*-^  Ie^'  ■ 

®  fwAh 

(*n*\T*ft  *  ^ 

t* 

i* 

_ i  7 

1  ° 

rt 

mT4/i  wi',  mw,  r*-"1T‘t 

CiA^  f  /**/•  /,tr 

Mm  =  »M*/i 

^pi  p  {~T9*  C  3 

il  { 

HI 

i 

Is  % 

t  % 

[Ce*  -tuY 

n 

? 

"*/*  Catk/itto  Mjj* 

CU)  f  /*V< 

£C^-  cO 

/trr% 

* 

—  It 

? 

y 

- - J — ■ 

|  £> 

■  ¥ 

_ ?r 

— 3f 

COMMENTS: 


AJO  F  »LJ-  ^ 


K-124 


ROYF.  WESTON,  wa 

CLIENT:  P  TfcHAJCcoO-Y  ft  Y 

LOCATION: 

WORK 0R06R  NUMBEH: 


WELL  LOG 

WELL  NUMBER:  O^sg-  3 
PAGE /OF  / 


ORUJNG  EQUIPMENT 

DRIXRXaififtvey  T- 

SAMPLER 

*  V*  11  S*Mr 

HAMMER 

WEIGHT 

IHC  tb 

8?sr 

lo" 

DRHUNG  CONTRACTOR:  t  4  R  i.r-1  T)0«J  /%(, 

ORUiNG  CATES: 

INSPECTOR:  /(VC*'!**} 

BOREHOLE  DEPTH  /£>  .  FT.  BELOW  GROUND  SURFACE 
WELL  DBTH:  FT.  BELCW  TOP  OF  FVC  CASING 

ELEVATION  OF  TOP  OF  PVC  WELL  CASING:  VA  FT.  AMSL 
GROUNDWATER  ELEVATION:  M  A  FT.  AMSL 


WELL  CONSTRUCTION 


Mo  uiCLu 


-IH 

-it 

-t? 


-3/ 


CmO 


CLASSIFICATION 

I  O-l';  PL«<* 

*  l  -  j  1 :  */z  Wi-v,  VfcPT,  '"rt^jinc 

S'*4--T  (  tr*  tArtJ  -l-Anut 

|>uTil^  ViO^cd  SA«  J  (  1d'I» 
|0^A  ST  J  ty-J  *  S^frT, 


WATVft  £<>*/* 

Jxw 


lay*  f/l  Vj  , 

ps v>Lj  V*  V* 

Cp^h. 


fjAJPL 

(  Lf%/*  CCJl'f  4 

f**C  MflA 


(  tn^F,  WijH  pcACTTt 

CLAJ  w  i‘vr(  (aJi. 


NOTES 


£t>%  rcco^u^ 


£h*/m 


^tT\  ! 

Z\  ] 

it 

JH 

it 

n 

- - i. 

*  pjy,  c/i  wfr^nFF  ftow  t 


£*V*  t  LR- 


5rtTM£AirtJ  £7>FAt  Pt4*m 

,  1S%  twT  .  CtJL*i|*TV*£  j/^V 

fill  I  Fiflf  i4<tt  LA^l4i> 


5*0%  rfCQ^^ 


/rr%  fti&fti- 


COMMENTS; 


TTEm-^IsI  f©  H  4* 

-  net.  rt**  *  ''*’>  *«***•**■•  '°  — J 

"  jOo  #-1*.*.  4. 


K-125 


ROYF.  WESTON,  JNC. 

OJENT:  T[tHA*ct-oc-y 

LOCATION: 

work  oroer  numbsi:  hh-h-oj 


WELL.OG 

WELL  NUMBER:  OLSM 
PAGE  i  OF  i 


OfifUJNQ  CONTRACTOR:  tt  <  R  X*»C, 

ORflJJNG  OATHS:  io-iV«\t  '' 

INSPECTOR:  G  re ..  H<« 

borehole  depth!  j$_.o  ft.  saow  ground  surface 

WELL  DEPTH  WA  FT.  BELOW  TOP  OF  WC  CASING 
ELEVATION  OF  TOP  OF  PVC  WELL  CLSWG:  N  A  FT  AMSL 
GROUNDWATER  ELEVATION:  W  A  FT.  AMSL 


ORAUNU  EQUIPMENT 
ORAL  RJoibAve  v  fCf  yv  r 


SAMPLERI  I  Vf-  '  _SPnr  t  * 


well  cons TRxrnow 


w#a 


UCtc 


-w 


-u» 


-If 


-30 


-It- 


-ft 


CUSSIFICATION 

joM.o  V  ,  5^on£ 


NOTES 


^ - I  V'  ' '  tlo°*  •‘*">^>'*'1  W  2 

~  ^  0-^^  sW  *•  AiiL  1  \- 1 W 


No  S  ^.ovtc^y 

I  HW^Ou^n 


“  .'ova  pM*:t):RWu  -7^;+., 

%  reccAjt^Y  I 


-1--J  ^■1+'  -a'^K  C\*7/,J 

-!U _ 1  ^aVsU  r/Al) _ __ 

«  ^  i0>rv, 


lOyT  Vy,  'o„lC  j  n;)ApL^H 

^  (r^vcV. 


U  Mv  \*Vii 
-JiPO-^^ecouC^y 


Wd  *Uo^ple  T'CCqvtfcy, 


j  ,  s^~  j  v  j  cJ^^t  y t  -  ^ 


'ey*-*/*  yy^j  CWV. 


fc  Hi) 


~^7j  Tteu.tf y 


•1-K-S  ^  N 

_ _  ye.»*\e  r  .  '0-^*(C.H) 

■j^ — i'VV'V  E*t-vj  ',a‘A  >  '<- 

Wi  (SVA 


1  !5;r^?/'3  (Y1#iiT,'^;trA1  pi-*)-:*.  •* 

■  <3?  *r,^  1 

■  liiJ — 1  S.l-V,  ^tJL^Sv^.  i^JL. 

'^rSn  n**  «•*?'&*>  F.W  j 

_  ^■•a'^Ci  CL;, 

E>V(L  oV  VjoeC^c  JV  ~ 


OA  X^yg 


2£jja3Maa 


ic^o* 


COMMENTS:  L,A  'esS  c^ct-^LSe  V:eAtL  aCilv,„ 

rcArM-ro/c  ^  VOO  W^0.a|.  J  1  ^ 


K-126 


ROY  F.  WESTON.  NCI 

CLIENT:  f\  Tfenwct-otry 

LOCATION:  ,  m  a 

WORK  OROER  MJMBSL  ^^,-11-01 


WELL  LOG 

WEa  NUMBER:  o?  o„ 
PAGE  1  OF  1 


OflMJNO CONTRACTOR;  *  4  R  -£*tz*~a  T'QaJ  AC,  Tat. 
DRILLING  OATES:  II*  ..•*» 

NSP6CT0R: 

BOREHOLE  DEPTH:  _U>  FT.  BBOW  GROUND  SURFACE 
WELL  DEPTH:  FT.  BELOW  TOP  OF  PVC  CASING 

ELEVATION  OF  TOP  OF  PVC  WEI  CASING:  VA  FT.  AMSL 
GROUNDWATER  ELEVATION:  VA  FT.  AMSL 


ORUJNG  EQUIPMENT 


DRILL  RJGlbAvgY 


SAMPLER!  I  Vf  -  s^.r  <  ?to«< 


IMC  Ha 


WNE 


So" 


WELL  CONSTRUCTION 


No  uieLc  r*4r*u.e<5 


f«T) 


-  >ot 

-II 

-H 


-it 


-if 


-IZ 


-2/ 


CLASSIFICATION 


0*o.T<s'-  C  >-fA  +K^o^k 

^  cVtwA>tN'  t.  irfc  l  y  ^  cV  O.TS 


NOTES 


COMMENTS: 


[’ot.'-'v  b-ru,\^  .jv  c^-v  a.V  w'**\  r ; n  r,-<; 


.TA 


1  11*  '  1  \ 

TV'Obtt  OrC  VHTflvfK  LoVNtrc1^  UO'+k  ^  “  SJtm'VtjX  C^r 

a^vj  c4lt><A^a-l  ?or  <We^f<\v  i’vV*.cWi, 


K-127 


ESS 


ROY  F.  WESTON.  NC. 

CLIENT;  Tfenwct-oify 

LOCATION: 

WORK  ORDER  NUMBER: 


WELL  LOG 
WELL  NUMBER:  03$6-<Z 
PAGE  l  OF  / 


DRILLING  CONTRACTOR:  *  <  R  i-s\  TTA^A  tioj  A  u  T* c 
DRILLING  OATES;  "Ma' 

INSPECTOR:  7>  ^rr 

BOR&OLE  DEPTH:  FT.  BaOW  GROUNO  SURFACE 

WELL  DEPTH:  N.A  FT.  BELOW  TOP  OF  PVC  CASING 
ELEVATION  OF  TOP  OF  PVCWELL  CASING:  »A  FT.  AMSL 
GROUNDWATER  ELEVATION:  V 1  FT.  AMSL 


WELL  CONSTRUCTION 


oerTH|a**#i£ 


No  uieu.  T**rAu.eo 


-IL 


-»? 


-21 

-a/ 


DR8JJNG  EQUIPMENT 

DR(LLRJG’b^eY  /cfA/r 

SAMPLER 

i  1  */f  ‘  S  ?ur  ^  ?*0h 

HAMMER 

WEIGHT 

IHC  ‘b 

mm 

3  0'* 

CLASSIFICATION 


NOTES 


0-0  ■‘ts”  (UvcrcA 1  flaafi 


zz=  “  icyft  3  /*i  ,  ftW'j  ry*' 


5y  '/c/„\  ,o4» 

/o  '  J  tjIStk. 


1 -  y ■  i  /Vo  fWcirfi-/.  &r.J<  tA^ose  J>f  Sf**. 


iiL 


5  3  jL  i 


A/j  fifeC^cr/ 


—I  MapO-f  ®-2  (O/R  3/J.  Or/,  rv,n  t  V.< .  ,4  CiL» 

-  (&-S*)  Sa-J,  .JA  &<l, ■«  C.  »-/&,!!*  '!  *1^ 


o--)*  l0i,ft;>/i,rfcyi  S*R<  /*"*«  fWf.1t,  ■£  , 


loyrt  6/3  ,ciry  nor\  o)*t|rc  f-c.  •‘io-V 

CSj^)  foL  S  *'4*^3-''*' "S 4,  V. 

Ijo/R  ds,j 

\  i  1  *■>  St/1,  a««n/o./*  $*1.  *,//,.  ' 


Sl=£^  / 


3v  s/y^  «,r/.  **Ff,  Ac 


Ji 


■L6 


Li. 


JL* 

Tr 


£ 


22. 


JA- 


(jv'i  wi, *•* 5t. 


lo  7<L  5  /(r  ^  Ao-^f,  cR ,  r>^  T-  m  St^l 

|  *,  C.  S*V  A-"*/  StA  afiu^i  J 

J 


LvfIr  ^(*n, *'/> 
s?S  , , ' c  sL»/  Wi4^IL  ' 
’•S  ,i2«t  s/v,  Mil  c  it. 


9  f  TL>  &C±-£  ry 


5*i-  ^ 


— — — ^  f_  **| ^  ^ 

/oyR6^  ^  ,«** 


pro^cK  S»«-fE<</  fi ^  -  . 

— CUL _ _ _ _ /  j  L  ACJ^yy 

^  ixr  C,f 


S —  y  ;  h/7^^  H*- 

/§ - 1  VjV  VI/  “ 


COMMENTS:  ^'£J  /t< 


^■rtc  tr-xJc 
6ft 


SANLlUf 


K-128 


PlOYF.  WESTON.  NC. 

(^-ENT:  ft  Tfc^AJC^ovy  cfl  6<>fc*T* 

LOCATION:  oJat?*  Tb  **/aj  f  Al  A 
WORK  ORDER  NUM8£R:  £  -  <  i  -  c  * 


WELL  LOG 

WELL  NUMBER.-iMSB-i 
PAGE  IQF*?*" 


OflILUNO  CONTRACTOR:  I?  4  R  A.dffltA'ATtayAt, 
CmjJNG  DATES:  lo-n-si 
INSPECTOR:  4icuA<b 

BOREHOLE  DEPTH:  _£_£  FT.  BaOW  GROUND  SURFACE 
WELL  DEPTH:  jVA  FT.  BELOW  TOP  OF  PW  CASING 
ELEVATION  OF  TOP  OF  FVC  WELL  CASING:  A/  A  FT.  AMSL 
GROUNOWATER  B£VATION:NA  FT.  AMSL 


0R8JJNG  EQUIPMENT 

DRLL  RIGibAvf  y  (Cfyur 

SAMPLER 

f  Vf  *  S  ?nr  t  7 to  *h 

HAMMS? 

WEIGHT 

HC  IL, 

LENGTH 

OF  FALL 

So" 

WELL  CONSTRUCTION 


Mo  uiCLL 


<FKT1 


tuni 


■  to 


-I  l 


■H 


-it. 


-if 


-It 


CLASSIFICATION 


NOTES 


.*■•&'  IOyA  J,L  ■  t/3  ficj  t  Lo<rt£ 

HC*A>  fil-toiM  J*w%(  HI*/*  Vk* 

js'O 


mh  C-uaj.  rAvti 


^f«A  f^uV.1  oi\ 
oi»j<cA  *+  Z  S  ' 


i/t%  /l  CcvtJj 


COMMENTS: 


flN>4  *4%  j 

All  Hmv 

AlC  \>WA^TiAL  (V 


f«4viiAw,  cr*  A  <r*4.  o frrer  t_S* 
Wmc\v 


**'t  IwlirU  V>tU->  Aif  h«.t  U|( 


K-129 


9 


ROY  F.  WESTON,  INC. 

CUENT:  U5  AC^V  WVSTHAMA 
LOCATION:  Art. 

WORK  ORDER  NUMBER:  2.2-3V-  U-oi-O0^0 


WELL  LOG 

WELL  NUMBER:  RFW-^  -J* 
PAGE  1  OF  3  °5roVL 


DRILLING  CONTRACTOR:  T.44,**+--~0  xwc 

DRJLUNG  DATES:  *>W  — 

NSPECTOft:  3— 

BOREHOLE  DEPTH:  **  FT.  BElOW  GROUND  SURFACE 
WELL  DEPTH:  FT,  BELOW  TOP  OF  PVC  CASING 

ELEVATION  OF  TOP  OF  PVC  WELL  CASING:  FT.  AMSL 

GROUNDWATER  ELEVATION:  FT.  AMSL 


WELL  CONSTRUCTION  DeF™ 

(FST) 


\  / 
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7\ 
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,^-—15 
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\ 
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V 


cH7-i 


SAMPLE 
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JL2 


t* 

/E 

aa 

I  it 

.C 

Vi 

if 

,  i*  ; 

jy 

7 

/? 

DRILLING  EQUIPMENT 

DRILL  RIG 

c^e  is 

SAMPLER 

/  Vr  "  55 

HAMMER 

WEIGHT 

/VO  H,j 

LENGTH 
OF  FALL  | 

3o  ■•' 

~oUY  Ort  oZTt 

U  *T*fTm  \l 


CLASSIFICATION 

<6  /evA  5  "  / iftA 


5tnj  **  ^ 

T’^ - 


//  A  J 


*j  J  j 

^  ^  y*.  Au/  f s 


/  *  ,J 


NOTES 


SUJ  -  3  *V1  <S'r«‘v'1  -  Cc  './Ti  -re.«/ 

T-<L  y^t  *  fc*Z  T-  ^3 


-  ^  J  e.  t* 

C  S'w  -  3^ ) 


6f*U*A 


$*  *%<l  - 


1/ 


rc* 


Wj  .  A Ui.JJ 


T^ 


J 

C  ~*0 


C*M°> 


u 


a  *3C  -J. 


COMMENTS. 


P^LO  -7.1  7*ivV«.UU  cA  Ak'.'i  \uC*C^Tk 


FIGURE  A3-2  BOREHOLE/WELL  LOG  SHEET 
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ROY  F.  WESTON,  NC. 

WELL  LOG 

CLIENT:  S  Ar  - wv  US  A"t  H  A<n 

LOCATION:  U)e*Vc rhJ'v  :  VfiV tC  PI  A 

WELL  NUMBER:  RFW-W.2.* 

WORK  ORDER  NUMBER:  219 1-  ll-Oi-Oo^o 

PAGEa.OF  _? 

DRILLING  CONTRACTOR:  1  V  X**. 

DRILLING  DATES: /o- 3- R{  t-. 

INSPECTOR:  T*1'  ^  ktUy  Sttj*.  O  ir  .'tn\ 

BOREHOLE  DEPTH:  £VSFT.  BELOW  GROUNO  SURFACE 
WELL  DEPTH.^M  FT.  BELOW  TOP  OF  FVC  CASING 
ELEVATION  OF  TOP  OF  FVC  WELL  CASING:  FT.AMSL 

GROUNDWATER  ELEVATION:  FT.  AWSL 


FIGURE  A3-2  BOREHOLE/WELL  LOG  SHEET 


DRILLING  EQUIPMENT 

DRILL  RIG  C *«€-  ~~1T 

EHSE2 

/  Ty 

HAMMER 

WEIGHT 

/yo 

LENGTH 
OF  FALL 
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ROY  F.  WESTON,  INC.  _  , 
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ROY  F.  WESTON.  NC,  _ 

CUENT:  Af/ny  (''Wer TaU  Te S  +  i ^  ^aWrdtory 
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ROY  F.  WESTON,  INC. 
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BOREHOLE  DEPTH:  tQ' .  FT,  BELOW  GROUND  SURFACE 
WELL  DEPTH:  FT.  BELOW  TOP  OF  PVC  CASING 

ELEVATION  OF  TOP  OF  PVC  WELL  CASING:  NA  FT.  AMSL 
GROUNDWATER  ELEVATION:  FT,  AMSL 
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ROY  F.  WESTON,  NC. 
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ROY  F.  WESTON.  INC. 
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ROY  F  WESTON,  NG. 

CLIENT:  (\  TjtHwci-otry  t,rtSs,<v*  t»  ft  *7 

LOCATION:  «:-**,  (ma 

WORK ORDER NUMBER:  j.z.j,-m-oi 


WELL  LOG 

WELL  NUMBER:  [2_-iV3 
PAGE  i  OF  j 


DRILLING  CONTRACTOR:  £  4  R  al  r«c 

DRJUJNG  OATES:  ;o  L*,  i 

INSPECTOR:  R,. . ,  ,  - 

BOREHOLE  DEPTH:  { -  .  FT.  BaOW  GROUNO  SURFACE 

WELL  DEPTH:  FT.  BELOW  TOP  OF  PVC  CASING 
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ROY  F.  WESTON,  INC.  ,  , 
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DRILLING  CONTRACTOR:  £  C  R  i^Hrns\  •<-'<.1,  K 
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ROY  F.  WESTON,  INC. 

Af^-V  UW*(Z-l 'TECH.rtCUKiY  LASereArc'i 

LOCATION  MA 

WORK  ORDER  NUMBER:  ZZ6{'\ |-0| 

DRILLING  CONTRACTOR:  fZf  R.  JW< 

DRILLING  DATES:  tO  -iH-fl 
INSPECTOR:  5t€PH£w  L/lUU£ 

BOREHOLE  DEPTH:  31.0  FT.  BELOW  GROUND  SURFACE 
WELL  DEPTH:  VA  FTTbELOW  TOP  OF  PVC  CASING 
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GROUNDWATER  ELEVATION:  A  FT.  AMSl 
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ROY  F.  WESTON,  INC. 


nu  i  r.  ncoiwn,  n»v.  .  ___  .  . 

CUENT:  AfiMY  NfufprwJo  lecU^ulc^-^  Lc.(rrrflfc''H 

LOCATION:  ^  A  O 

WORK  ORDER  NUMBER:  2-1&i  '  If  -  fc 1 


DRILLJNG  CONTRACTOR:  (2.  -r  £ 

DRILLING  DATES:  lO-W-'f/ 

INSPECTOR;  yi^0U^  Lolv^o' 

BOREHOLE  DEPm:  V  ,6fT.  BELOW  GROUND  SURFACE 
WELL  DEPTH:  FT.  BELOW  TOP  OF  PVC  CASING 

ELEVATION  OF  TOP  OF  PVC  WELL  CASING:  '  A  FT.  AMSL 
GROUNDWATER  ELEVATIONS  A  FT.  AMSL 
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ROY  F.  WESTON,  INC.  _ 

CLIENT:  Af**\  l<«<  u  L^ie^- 

LOCATION:  [&>^  ,^A  ) 

WORK  ORDER  NUMBER:  £  Z2-B/"i|  -Ol 
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WELL  LOG 

WELL  NUMBER;  RFW{££- 
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DRILLING  CONTRACTOR:  ft*  £  Inc 

DRILLING  DATES:  (C.  -ry-  °?l 
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ROYF,  WESTON,  INC.  __ 

CLIENT:  /fffU  Acltf*iT  r^O. 

LOCATION:  l^'Mtr^.or^  MA  O 

WORK  ORDER  NUMBER:  'Z'Z'ZK-  \  (  -o  ( 


WELL  LOG 

WELL  NUMBER:  RFW-_llSt5- 
PAGEXOF  3 


DRILLING  CONTRACTOR:  12  +  d  Xt*-k-  * «Sch^-C  Ini. 

DRILLING  DATES:  t  0  -I  f  -^1 
INSPECTOR:  ‘5-f^pU.^ —  (_rn>-(c>r' 

BOREHOLE  DEPTH:  To.o  FT.  BELOW  GROUND  SURFACE 
WELL  DEPTH:  <P.  I  FT.  BELOW  TOPOFPVC  CASING 
ELEVATION  OF  TOP  OF  PVC  WELL  CASING:  FT.  AMSL 

GROUNDWATER  ELEVATION:  FT.  AMSL 
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ROY  F.  WESTON,  INC 

CLIENT:  M. ^rxJls'  lift  U  (c-y^(ja.U..A,-kA 

LOCATION:  Uj>^^r  fc^n  V|  A  J  /  _ J 

WORK  ORDER  NUMBER:  T,  2JB  (  '  I  I  -C| 

DRILLING  CONTRACTOR:  ft-T  £?  X% (H 

DRILLING  DATES:  IO  -  |y  .-ft 
INSPECTOR:  {_&ssJC>r 

BOREHOLE  DEPTH:  lo.o  FT.  BELOW  GROUND  SURFACE 
WELL  DEPTH:  fn_.  I  FT.  BELOW  TOP  OF  PVC  CASING 
ELEVATION  OF  TOP  OF  PVC  WELL  CASING:  FT.  AMSL 

GROUNDWATER  ELEVATION:  FT.  AMSL 
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■k,  *  X  ^  ***k  *«•**  ^  -"•**■  - 

^ '  ^*"0  CQA^fce  <4  |  frl*^*-* 


■ft 


lb 


JJi- 


£i 


|  I1'  )  !  ■■  Ml  ^ 

-St 1  /f*'t*  F/<  ,  Clif 

3  tf/  i  o  T»  ^“H  ( **J ,  4ljhjh  tlAj  . 

■  *  1  *  f*f  "***fc< , 

-N  w/  j^jg  tynyn.-i/ 

*J  -  1  7  -  ^ 

fvw3 


t  m  wfcV 


I  no-'  f 


Ui-Kt 


Cr^AfVt  t  <**S  J  U  /  TL. 


-L£- 


-?/ 


COMMENTS: 


•  **  -Vi 

ftv*-  V\ 


Vj 

ti 

C-Af^  i*-J  -J  X>*u  fc~ 

(^3  v 


?cTt>  rtUA^ 


t  t>T»  fttcyU^ 


fc’X 


•fi'j’  ljo-ooj  ,  V..* 

-Vo  Uk  ►^K  t  *M  |  £  V  JZi> 


~) 


C^i\  h« 


*/a?« 


£*%  rtOxA-,  - 


jO  ki  ^  \kJh_  C  -*v^  W  .s' 


I  t  * 

CttuX  > 


e*4  j\*-J  \iu^L 


K-174 


K-175 


ESffiiBKI 


ROY  F  WESTON,  WC. 

CUENT:  Tfc  HAjct-ofc-y  cfl5<Mi-.'»T'o(£Y 

LOCATION:  j  a*  3 

WuflK  OROER  NUMBSL  et 


WELL.  LOG 

WELL  NUMBER:  <>«**  *b- 
PAGE  I  OF  I 


DRILLING  CONTRACTOR:  li<  R  j_  r^s  rt  rz  ^  tioj  au  a-  ^  c 
DRILLING  MTES:  iw 
INSPECTOR:  t'CHhu  fl  V*\ 

BOREHOLE  DEPTH:  FT.  BaOW  GROUND  SURFACE 

WELL  DEPTH:  K<  a  FT.  BELCW  TOP  OF  FYC  CASING 
ELEVATION  OF  TOP  Of  PVC  WELL  CASING:  W  A  FT.  AMSL 
GROUNDWATER  ELEVATION:  N  A  FT.  AMSL 


WELL  CONSTRUCTION  1°°™ 
pan 


Mo  uietu  iA#vrAu^eri 


ORLUNG  EOLHPMENT 

DRLLRJGI^ev  Ff/ur 

SAMPLER 

J  Vjp  ,#  SPiifVPto*- 

HAMMS 

WEIGHT 

IHC  11) 

uras! 

So" 

OJ^SSSFKAVOH 

(S>\  -  c*0 


^oii  (  «U^ 

-  CO  l*Vo 


notes 


tM*fl  (  dU^ 

-  cqwh  Ca#J  t 


£c%  r^.ccrv*^'/ 


HS'*,/*  ^t-***^  ly^,  Lo*N 

t'f  Vifc+  ,,  H>%  W 


iB^t  tjit  *-o^-we  ,  ’Vr^  t  >vbA^44m 

MC*f.  I- **,1  -  (dAnt  4*-sJ  ,  t>*X 
ttX  A.ii_T  ,  Wiv t 


!&& _ _ 

2  *  f  T  ^ZTT^TT^i" 

t>-A^  ti^T  4  4  Vfc 


^  ^  [jt- 

S  "-■'I  Lv*^  i-s*  „  1*^- 

*  "  Jl  t-rU-lNLJ^  ^  *»■***  -y  f*?. 


Cb% 


X*K„  n  1  *-!  *.  **-V 

as 


Hn^i  1  I 

ye  2-  rtu*-t4- 


£i i. 


yp% 


COMMENTS; 


1  i  f-l 

*\  j  i& ; 


■ 


K-176 


wi  ».  i  I  I  n  «HI  j- 

DRILLING  DATES: 

•NSTCL j UR: 

BOREHOLE  DEPTH:  FT.  BELOW  GROUND  SURFACE 

WSJ.  OEPTH:  NK_  FT.  BBJM  TOP  OF  PVC  CASING 
ELEVATION  OF  TOP  OF  WC  WELL  CASING:  NK  FT.  AMSL 
GROUNDWATER  ELEVATION:  AIK  FT.  AMSL 


DRUJNQ  EOmPMEMT 

OfWlRKSIb^ev  rrsAJT 


SAMPLER  I  i  Vf  *  S?nf  ^  Pze>* 


me  lb 


*^1  LKT'jt 

r/c  lOfli*  (  ^  f  UiTiL 

****  -  £LOA-r-l<  — J  „  i+  *Z+ 

±y&  i^rrru  t 

Qi^O  V  ■  -A  -  CcA^u.  f  1:  'U 

%  v  w^p  JiiJ- 

i  %  xj-i  -rA 


-  i  v<ij4 

-  i  V*  ^ 

^  *7  r  .  .  *  _  _,  «T  #■ 


flOYF.  WESTON,  WQ 

CLJENT:  T|c  haici-o^y 

WELL  LOG 

LOCATION:  ,  a^a 

WELL  NUMBER:  &^0-t 

WORK ORDER  NUMBS:  2- 1? t  “<i*e  i  j 

PAGE  1  OF  J 

well  construction 

om 

fST)  | 

if 

“ 

"|  CLASSIFICATION 

notes 

Mo  uieu.  T^sr*ix€[>  - 

- 0 

— £ 

Kr/**  'S  1,'T'Vm  /oa^ 

— j  J  r  '  1 

K-177 


ROY  F.  WESTON,  NC. 

CLIENT;  fl  f.&'A  MA1cri?t^t  Tf<  HAJCi-OCrY 
LOCATION:  uJ  4  Tf  c  “ifc  (  a 


wax  LOG 

WELL  NUMBER;  6-^8-  > 


WOflK OflOER  NUMBCT:  z.l?v-h-c  »  | 

PAGE  /  OF  J_ 

ORRUNQ  CONTRACTOR:  1^  4  R  L^rtnwflTto^AL 

DflUJMG  EQUIPMENT 

DRILLING  DATES:  io-<*  Si 

INSPECTOR:  i  i*  i«*  ^  * 

BOREHOLE  DEPTH'  it  FT  BELOW  GROUND  SURFACE 

ORRLRIGi.iFtvF^  fCfAT 

f  Vf  *  VP^r  %  Pto* 

WELL  DEPTH:  N  FTBS.CW  TOP  OF  PVC  CASINO 

ELEVATION  OF  TOP  OF  PVC  WELL  CASING;  V  A  FT.  A  MSI 
GROUNDWATER  ELEVATION:  V  k  FT.  AMSL 

fcgeal 

i  MC  lb 

LENGTH 
L?  FALL  1 

^0" 

WELL  CONSTRUCTION 


j  DOTH  (SAMPLE 

(FST) 


No  uieLL  I*J*rAU,e(} 


E 


tma^ j  CLASSIFICATION 

^  j  JO^  f/4  t>rX  itft|  l 

/c  I  *  *  J 

*■  r"P  J  y  ^f*Lt  CV «  I'U, 


NOTES 


-to 


-1 L 

-H 

-IL 

-If 


2  C  -  '  " 

7  3  4  P*<  ^ 


ic 


r&7-  r 


4  I  £“ /  JL  Lv-vX|  r  'ion  fi  tm  t 

7  r  -  Lb  *V-K  C,  - - J  '“U'"?* 

+*~**  '*'1-  *-r 


£"  t 


fr 


30 

-nr 


*3 


1  ®  I  y  V  sLl  my  ,  >-*"*  #  n  r 

HS'Ytr  '■'*  -  t-OO-rit.  _  LjiV- 


fr&%> 


^  "U  t  T  1  --— L  -  V-V  F  •—  -  — 

At  / 

a/  r  (>*Q  ,,4f’ 


\0^1  *4^(11^,  iiTfl*  t  i*J  Y-^ 

MfT*  t'-M  ’  t*  t  Ml"Y»  j*w  j 

fr**0  ,  I*7u 


j£L — |  lo^i  Jt^ruL  t 

ijt.  4$  7j-  "7*  -tv  ►'K  i*— J 

Stt*7c  «JT  i*  /" JS^^vJLf^-3 


-J-Z 


IS 


-£.0 


-El. 


t/i  'F—k *  >  *  +  t  Lcff^  ,  ^e-n  f  Ikltn  L 

*  ST^»  7%  ¥■»  ^4.  *  £  ^  *«-»*  * 

.  A  ^  A  JT>7  * 

'•’tf  M  «  £  '  Ci  .  JU~*t 


/o 

T 


M  **  '  **  *wwUj  *  - 

C»4yru  jaJ  t  Y*  *-A 


c-»vu  4A^J  „  T*  . 

i*«**  i.i*  £.r-i  j-/t  i^f^j 


jT>7t 


SToYo  KtWt, 


COMMENTS; 


A<J_  >J^-v  *  ft^J1  h  4<Ji  /{vtJ-i 


K-178 


ROYF.  WESTON,  NC. 

®-EWT:  f\  Tf.<  »-i*JCi-o(ry  a  y 

LOCATION:  <j-UYE*-fe«A.  ,  m  a 
WORK  ORDER  NUMBER:  itT( -m-c  i 


WEIL  LOG 

WELL  NUMBER:  G  ^  6  -  *? 
PACE  /  OF  / 


OfllUNG  CONTRACTOR;  I?  <  R  kpf  rfiSMATiM  ai, 

DRILLING  OATES:  io-3o 
INSPECTOR;  Pt< Hy.  J.  £*. 

BOREHOLE  DEPTH:  /».  FT.  BELOW  GROUND  SURFACE 
WELL  DEPTH:  [IP'  FT.  BBjCW  TOP  OF  PVC  CASING 
ELEVATION  OF  TOP  OF  PVC  WELL  CASING;  *>k  FT.  AMSL 
GROUNDWATER  ELEVATION:  N  A  FT.  AMSL 


DRLUNG  EQUIPMENT 


DRILL  RJQIb/Wg  y  fCEA/r 

SAMPLER 

!  Vf  ^^ilT  i??oJ 

HAMMS) 

WEIGHT 

1  4C  » Vs 

SHIS* 

So" 

WELL  CONSTRUCTION 


DOTH 

(FEET) 


=1 


CLASSIFICATION 


NOTES 


No  meu,  x^srAu-eii 


3 

~7~ 


•tof 


-PT^.  Tift*-*  t  rt^K 

_VieWC*.-?'  /0y<  £/* 


r  i 

A* 

4 — {fro 


J/a  i*<T  tfc'j  „  f 

S*tT  |  i*J  /fc  -  CwArtA.  £m**± 

0*^4 (  (V«v.*vt 


ifltf  fit  L*. 

^  j" ££  , 


^yn.  ^/j  ^  t^^wltTlL 


Y£> 


<?  ^ 

yV  1  s~0 


/> 


S"0 


,  -.  -  1  ^  1  1  '*■ 

^**^4  LA  *»J  1*7*  t.-jt  f  f  |  I  Vt 

Cw*4*  , 


*°'2T  taer  ,V«^(  A«rtplAtr>i 

filA.)  A-#W  *  t'f*  '**J  ^AV|/ 


l  A  i/  J  S  *FT  4  5  »  ^ 

1  r*V,  4.**  iAA.) 

Ji  ' — r~J - _ |  ytf  ^  ✓  Pc 

|  *7* n Drtj*<_4 < rn_  '  * 

£.y  ]  *•**  t  jr%  ^  *W(  >*‘A  £« 


-H 


-It 


-if 


-50 


-Zi 


T7 - ;  t  -jr%  +*-*  i-4-r  ,  !•»  **„ 


"?r" 


5"i. 


“fr 


ZT 


(C<-  -  C/P  j 


rV  :  i*-*  *<  AlWt 

ttwr*  *J'  -  J.f  f  <  »//V  +tfjm,y 

Pt  ^  ^  ^  w  _  |y  |^  ^  ljf|  ^  j  t 


Z?-  I  t*-n*  .  J  1  ; 

Z-fa  ji.-c^  " 


S A'nyAA’Tttk  (  >«M 

Sia-T  CLA»|  Cea% 


.  f*  X  ^  Ce  U<-4^ 


stcfi***  y 


3o/t  rec^c<7 


/pcjvacy 


COMMEWTS; 


^  ^Ab  rnUi*.y.  /O 


I  <vlC  v 


K-179 


POYF.  WESTON,  MS 

CLIENT:  f]  T£eHMCi-o(rY  Lfl&6tt>*Tio4^ 

LOCATION:  oJATfs  itt*v  ,  m  a 
WORK  ORDER  NUMB®:  z^i-n-e  i 


WELL  LOG 

WELL  NUMBER:  G/tia  ? 
PAGE  2  OF  / 


DRILLING  CONTRACTOR:  *  4  R  (  *<*C. 

DRILLING  DATES:  to 

INSPECTOR:  R  a  t  (v^J  f  %  t_  K  ml  -a 

BORS-KXE  DEPTH:  _£_.  FT.  BELOW  GROUND  SURFACE 
WELLDS'TH:  ^  FT.  BELOW  TOP  OF  PVC  CASING 
ELEVATION  OF  TOR  OF  PVC  WELL  CASING: '  'A  FT  AMSL 
GROUNDWATER  ELEVATION:  '  ■  *  FT.  AMSL 


WELL  CONSTRUCTION 


No  Uteu.  J^4rAU.eft 


O0TM 

FffTI 


■10 


-12. 


-H 


-It 


-I? 


-tt 


CLASSIFICATION 


DRUJFG  EQUIPMENT 

DRILL  RJGIb/we  y  fCE/wr 

SAMPLE 

1  Vf 

if 

HAMMER 

WEIGHT 

1  HC  lb 

LENGTH 

OF  FALL 

So" 

A 

NOTES 

,  tt/yt*  ■  '  J.ty*  r/i  \  .,m 

I  P'“*  e*"*,  *"*<->  f.ir  *m/  .^.6 

3^  |  iCwL  -  £ '  J  *  T*  VL  *  rMp  #  t 

gl^T.  A  C,AJ.  t  f fA^A  A^tyV  J-pffi 


T 


/*/  r 


ftr 

<s 

}  h 

i- 

i— 

/ 

J 

p 

<?**  7- 


^7p  ^Ltw’PX-j  snrfU  '  -•  5  ^*>y*[i* 


>1  a  £  £  C  v  Jf.  <1 


2 


.*?»  /feco^c -rr~f 


COMMENTS: 


Fivi- 
*  H-* v  * 


S+CA  P**i  ‘tt-Al  J  *  £ 


K-180 


V22S 


SOYF,  WESTON.  NC 

QJENTl  (\  F..<''^  Tt,<Hi«ci.ot-y  LA86^.,^ToaY 

WELL  LOG  • 

LOCATION:  (  a 

WELL  NUMBER:  c,*sfi  ;» 

WORK OflOER NUMB®:  iIiT,-M-e. 

PAGE  /  OF i 

- ™ ™ i.  ^  r\  1  « 4-  .  j- 

ORIUJNQ  OATES:  Oc-n,  ^  j  B  ,  i  *\  1  i 

^NSPE^^TOfl:  ft  £  i  t  h  w  b  h 

BOR&KX£  DEPTH  J£.  FT.  BELOW  GROUNO  SURFACE 
WELL  DEPTH:  _Vj\  FT.  BELCW  TOP  OF  P/C  CASINO 
ELEVATION  OF  TCP  OF  fVC  WELL  CASING:  M  A  FT.AMSL 
GROUNDWATER  aEVATOH/.'A  FT.  AMSL 


OWUJNQ  EQUFMEWT 

0fULLRX3!5^eT  (CEA/r 
SAMPLER  i  */p“ 

LJA^XIuTcB  "  1  p  “ 

rrawd  i 

V'BQHT  _ ‘^c 

sml  i.- 


WELL  CONSTRUCTION 


WA£ 


CLASSIFICATION 


NOTES 


No  WCU.  x^srAu-crj 


-U> 


-tf 


COMMENTS: 


—TV -*  *  '  T  1  '  ^  ^  ,  *  '1  . 

- 1  ****>  ,  C04^( 


pj  tVy*  *«■**  ,  ^ 

‘•^  ■  *4a(/  (  rtHn-Jt  ^CilAtiC 

T 

■\  S*-J5  ^  ^ 


_  5^  >0  rgfc-jL*^ 


*•*  4 


~f~~  ,  |— H 


r/V  ^  aft  fMim 

T-<  4-  tcAor  SA^ft  (  ,*vf. 


7fi  »«»'.  *<-1  . 

**  4*-J  (  ,t7. 

Mtyrw^  .nttw^  4  j-  -  Li 


7*  ^tc*. 


■  r«w/  ' '  Vlrr  ^  l 


r»%  rtcc^^ 


— toj - cze= n«of' 

- #  *  E‘rY  *  'r™^*r#c 

-  ^  JC^O  ^  f  ^4  F.AC 


:Ob/44  /7j  Fn(t-  £ -*■' V  <J/V  t  r« 


#  ig^_  _  ■  _  f  ■  .  [B  _^.  ^  _ 


I  A,  H/if  (  bry4  r#c 


f&f*  ^tCovCfy 


f'Al  *  iOfrK 


i>  tif7w 


I* 


n 


'“v*  r//  X*-*  ,  .-.« 

Wtw  P*AF  LMb 

Isa 


4'*  ** Atwk  — 

town  j  '  :  |Oy  if  £"/</  ,#il*^t(fTlC 

G  -  COA^t  I4v»  ,  if%  -uJ  *  CCAfli- 

r.r  “‘ 


I*  *//V  S»*  f  ,  w%)( 

fi-i*  -  LuACfC  f^V4  V*  - 
Oi^ir  tfTjfJtfi  * 


lO’fA  H1/'1  (ufr  (  §  rftA^Oliqv 

{_  v  can^(  ir  Y.  - 

l^J  Ci>A*iC 

T^t^jr  Jd*  r  ,  a'vvi  f^oun 1 

.  [i*uf  irV.  * — J 

(Sw) C<X^< 


,  fgCQv^l^ 


%  rfC*y|A^ _ 


?|>% 


rMsKAy 


g'vVo  rtLNvtA^ 

4°%  r*£gyu£ 


K-181 


ROY  F.  WESTON,  NO 
CLIENT:  fl 

LOCATION:  ,ma 

WORK  ORDER  NUMBS*:  2.ty«-n-ci 


WELL  LOG 

WELL  NUMBER:  6ni  fill 
PAGE  /  OF  / 


DRILLING  CONTRACTOR:  *  4  R  Z*  TGitJ^A  T%Q*JAU  ( 
DRILLING  OATES:  /O-ZV-*/ 

INSPECTOR:  £«. **>•*" 

BOREHOLE  DEPTH:  ?\  FT.  BaCW  GROUNO  SURFACE 
WELL  DEPTH  _W_A  FT.  BELOW  TOP  OF  PVC  CASING 
ELEVATION  OF  TOP  OF  PVC  WELL  CASING:  FT.  AMSL 

GROUNDWATER  B-EVATtONA1  A  FT.  AMSL 


DRUJNG  EQUIPMENT 

i  DRKLRlGil>Avf r  FEA/r 

i  SAMPLER! 

1  Vf  "  ^?uf  % 

fcsdl 

IHC  lb 

LENGTH 
OF  FALL 

So- 

WELL  CONSTRUCTION 


No  uiCLL  i**rAu.£& 


OSTH 

(FffiT) 


ymE 


10 


- It 

-2/ 


=t=f: 


/r  l ><!>r  *V‘( 
Jr  u 

^ j 


=1 


CLASSIFICATION 


NOTES 


Jt>/S~  I  I  o y  (-  J/ I  n»,kf  ^ I  aiTit,*. 


Jk. 


CHjjt-j  «•<-*■  (s'/.  <A*j)  ,  It*/. 

^  L-  b  @  *fHt 

*  V*  ^  W*WJ  S ( 


%C% 


LOi  r  1  J  r%  *VS  f  |  M  ^  L 
i#r+tU  ia*J  , 

(O'T*  f 


4- 


lOp  i‘J'4  SflTi*wri  t  JLcti* 

t  2**T*  lt  trl 


Af%  rfL**i** 


yr%  fccort 


^f%  re <-«*,] 


COMMENTS: 


g*th~\  *j  F,il  6 

fttiV’tS  *.r-  *  (Z#*$  f"  ( l~-\l  /  **  /tfl/tAc. 


K-183 


mm 


ROY  F.  WESTON,  N& 

CUENT:  f\  Tte  MAtoi-otcy  LflS*>R4T&<!^ 

LOCATION:  Ui4-rf«ibw*A«  ( 

WORK ORDER NUMB®:  tZ.y»-n-oi 


WELL  LOG 

WELL  NUMBEH:  6tt&g- 1 1 
PAGE  '  OF  / 


ORfUJNQ  CONTRACTOR:  I?  <  R  r£!t*s  a  t\o*j  a  u  jr<«c_ 

DRILLING  OATES:  /e-s?.?/ 

INSPECTOR:  Srr^£  tAft/u/i 

BOREHOLE  OEPTH:  £.  FT.  BOQW  GROUNO  SURFACE 
WELL  DEPTH:  FT.  BELOW  TOP  OF  FVC  CASING 

ELEVATION  OF  TOP  OF  PVC  WELL  CASING:  N  A  FT.  AMSL 
GROUNDWATER  ELEVATION:  M  A  FT.  AMSL 


OflaUNQ  EQUIPMENT 


DRILL  RIGI  b/we  y  PTfA-r 


SAMPLEHI  l  '  S  Pur  $  pco  W 

HAMMER 
WEIGHT 

twm 


WELL  CONSTRUCTION 


Mo  UieiL  X*J4r4U.£li 


OS'THlSWM 


CLASSIFICATION 


NOTES 


■1  tt 


a 

T 


v 

2: 


V?  (4W.p*iih(  j 

"7^  .  i  OY*  £%J*  £>1*41 


^  I  lCy*  ^  <  /hfttrj 

7*  ■  y  (  tr(_Tf  Cc^4^l 

"7? — I6flu-c0  «+  vw*  7 

T 


± 


J  * 


jTo^  0  sTp^F  sat^^  ^ 

■4 

frll-Cp 


■w 


-it 


-if 


piflr  f4Ait  s«,  *-u 


777^^  S"l^f,  **>****■>,  AtACTK.iy" 

cs-n/  £i4  J 


*Crtf%  fttuvhj 


/tr?%  flew* ^ 


/ir*/«  r<LU'r*> 


-21 


i- 


COMMENT5: 


'*,***%£  tc n^/stnrrt*  #t*  &  * 

*d  ^ 

A/o  fi-it-c 


9  > 


K-184 


ROT  F.  WESTON,  NC. 

CLIENT:  TE.cH-wci-eiiry  t,fl&6ft*f®®'/ 

LOCATION:  m  a 

WORK  ORDER  NUMBB1:  itTv  - n-ei 


wax  LOG 

wax  NUMBER:  Ome  n 
PAGE  /  OF  l 


DfllLtNG  CONTRACTOR:  £  4  R  ±.*-1  TTttAtA  TlB*j  A  < 

DRILLING  CATES:  lo-l>-V 
INSPECTOR:  Ti«*  *<A» 

BOREHOLE  DEPTH:  2^.  FT.  BELOW  GROUND  SURFACE 
WHI.DSTH:  WFs  FT.  BELOW TOP  OF  PVC  CASING 
ELEVATTON  OF  TOP  OF  PVC  WELL  CASING:/1  A  FT.  AMSL 
GROUNDWATER  ELEVATION:  W  A  FT.  AMSL 


ORUJNG  EQUIPMENT 


DRILL  RK3IbPvEY  iff  ah’ 


SAMPLSil  l  Vf 


S  *ur  V  Peo- 


I4C  >L> 


LENGTH 
OF  FALL 


WELL  CONSTRUCTION 


(FST) 


CLASSIFICATION 


NOTES 


No  toetL  i/wvrAtA.eii 


■10 


-It 


-If 


10  y  *.  L  ^ ^  » n  ^ 

e>A«  l*vti  ii.r  (•*/• 


^  1  ^  1  /  I  |  |  *  w ^ 

-  1 1*  :  c'Af  sav&  i  *i^rt  »**/• 

—  — — J  7-c  k  ^  ,  <®fu  *  *1-***^ 

j—  ^  fa*  _  s « ■ ^  ■  » -  X  < /aP 

i  i  "  T ~  ~  - •*  ■  f  "■  _ 


/o  l 


^  ^  V  *.  *.  J 


■VlUI  t  AV 


-U- 


.£&- 


-Li- 


P 


n  i 


loy<t  r/n  ieTT- 

if-  ->  */'*?  ■  i*v-\  !«'*/« 

!iSw)  9«^,  c.w  .  1 _ j 


\0y£  if%4  t  4  *u*fu4j\4« 

F.rtC  -Cvn-tir  z&<Jg 

Cs*Q  .  ••*•  s<lT 


.  vtf**  Iflffi  IJ  IL 

■  (i?0  *******  %V'^I  1*%  ^ir  W, 

,7  *  /flfo  JIU|  0r-ft/ AX*Wfrf. 

f  iTi^pUiTH  FiAt  * 


lO^ir  *7^  t>#tT  #  ni rvpUint  (=<At  - 

CuK*e  t  Is70  1-Jsrfvvj 

[  s  ^ J 


-j  fOj*  X/*f  t0Frl  ntn^wiTu  . 

-  r_l^€  +0  tC/VG4<?  i4wi)|  lftV« 


♦-U/V  c  0.  t 

ret  qvl  ^ 


lf*/f  f(l  Myti 


2sX  fgfc^ 


*?*  reto^ 


£ofo  fturjCt*j 


£4  >C  s  ^  j  £  V  ^  B,y*J  / 

""  ‘^y*  i"A  £>-7i  ^ 

(^p) 


^  /0yff  s~/ y  ^^7  # 

t? -  /"  \  ^  ^43^  Cv*t**€  i* fit* 

I  i  ^  Mm.  \  J.  fiJ  —  .  J  r 


*A  MwJ-"  Wity* 

X  \  f***G  /^u? 

(j  Pj  CfMjC  /itT. 


■ffi  ^  4yV  J**r  (  (4 tnc 

/|  j/-  #  /%  Mfl  f'L< 

TZ - ;  C5f0  ^ 

•Tv  ‘  — - - - 


/&^lt  j/%  s.a*T/*&ps*jnt  4  Qt<-S4rv4*rw*  ^  rZ</  & 

ft  0\  5i^r 

JS  J 


■  *cy^  ''•V'*4nt  ^  *(i  JVWWSffTi 

Pt*€  C'+nQ  f  /&?*  /,Vf 

^  ^  ~[ _ $4nb,  m*+  *\  tr*<«C4  tio-rt 


-  W*i)  **-4\ 
?b  fo 


?4^>  f£teiS<-4 


r€tLCU^fj 


^0%  r<co^ 


COMMENTS: 


-feirrt/ii+ftQ  %.\t  * 

s#LL  fZ*h  )  4/ 

4fp*Tf****A  fret,  &a*m  ^  f 


K-185 


ROY  F.  WESTON,  NC 

CUENT:  TSah^o-o^y  Lflft*  ''-■,T'>2Y 

LOCATION:  ^  ,  M 

WORK ORDER NUM8S*:  2.lT''"'ci 


WELL  LOG 

WELL NUMBER: 0^6  -/s 
PAGE /OF  2. 


DRILLING  CONTRACTOR:  *  *  R  At*  (j  + 

ORILUNG DATES:  |l  *  i  •*») 

INSPECTOR:  £ . l * A  "• 

BORQ-tOLE  depth  *i‘I  .<•■  FT.  BELOW  GROUND  SURFACE 
WELL  DEPTH:  WA  FT.  BELOW  TOP  OF  PVC  CASWG 
ELEVATION  OF  TOP  OF  WC  WELL  CASING:  W  A  FT.  AMSL 
GROUNDWATER  B£VATTON:/VA  FT.  AMSL 


WELL  CONSTRUCTION 


DRLUNCI  EQUIPMENT 

DRtLRJGibfwe-F  frF,*/r 

SAMPLER 

1  Vf  ■'  5?ur  ^ 

KAMMB4 

WEIGHT 

1  HC  tla 

LENGTH 
OF  FALL 

So" 

(FEET) 


No  uicll  xwifAu-eri 


■itt 


SMU 

M04 


-n 


-H 


-It 


-I? 


-W 

-w 


CLASSIFICATION 


NOTES 


typ  -5  ' 

C-suj  m  f  ■  ;  t/f  Vf  -j  .  ■**A  f  l  4  \  fa  I  k 

C&Vtf  #  1 0%7* 


>  0^  A  t/n1  LtVu  (  cL\  ^j  ,  rt  rC 

Fh  V«  if  t 

t-  ,  4  FA  cut  V  ■  I  * 

Sw^ 


</r 

^z: 


1  >  V - ‘/HA  1 . U 


-4fL 

F^L 


<*/V  Ct-tr'M:  ^  c^La-j  ,  i 

At  ClT^>Sfct  £  *  rt  4  C 


St%  rec£j*A^ 


I  t/4  i. (  n in ^ < rj t 

Ft**.  H>  ir*V= 

>4/  ,  +r*ur  t>'i  + 

■  S^L 


(0.y*  i'/Y  O'S  .  *■*■*• 


Soft,  recoufrift 


C«<~0 


f  b  i*s£  t  m!  fkrsJtd  ‘  -“- 

j£*— J  „  I  *  Y< 


&£ 


-1£- 

/  ? 


I0i|> 


ia*/g  to/VW 


toff 


\  p**  <ai  aj r*  t 


lfVi*0  C  J 


[Ola 

■<-££  tA-vJ  f  iSV*  *  -*»  **'V3/A“*  ^  t|1ii 


/S~  f  T  V  M*l«  A*  A &©  “< 

/  3  I  Lk>^  _I-  IW1A  fc/*,  ttoF1’1 

*r>-'  *.  t  ifiVt  **"*!  A  J 


F  / 

TT 


-I£l 


-iL- 


Z? 


-jLL 


|°Y^  ^/j  Sa#T  |  ttfr*l  XACTlV  p 

.  %+wif*  1  |q V*  i^Aftjwk.W' 


-£2- 


/f 


-LZ- 


Fi 


-iaL 


t» 


u 


3 


"xT" 

TT 


J£0 


Vj 

4f  1R«J  A  F 
*A- 


1  P^,  t/V  i*#T  ,  J  Fltj^^LAfc’Tkt 

Tut  c. aJ  iA'&  I  ^fAU 


|t*  /FT  0  i**T  ,  M'.f. 


/r^  u  **c  —  ---k 

Lotitt  i1:  C**ii  -  ^'«W(  'tjJ  • 

UAftL  +V  1*/V 


*1'  ;  S A-*a,  wT  OO-***  t  '  wf 

rt^c^lL  |^  :  Ji,  vffH  t‘  rf  4^(jA 

^  iflWti  *  I*  •  1*^/  t/*-  t  n*k->  PvAv-r^t  ^  ^ 

Tsrt  JRnb.  i^.  ,tvJ  u.%,  lj*h  f  Aa^ 


3r 


%y/t  tiy  *Zft "7^ 

f f^t  S  d  Cu  Art<_ 

JTA^i\  Wtx  yM^sU.  U^<-  kl 


*£f$i  r^c&o^f^ 


rctciMj 


kU|V  5  f.£  ► 

5*o r  eco-ve^jj 


r  ?  *"*J  ^ 

r*% 


uwt  t*-J 


ret-outikj 


COMMENTS; 


K-186 


aor  F.  WESTON.  NCL 

M ft TTE'»?i ^  (.  TfeHAJCt-oo-y 

LOGATION:  ,a\^ 


WELLLOG  - (* 
WELL  NUMBER: 

PAGE '  OF  i 


K-187 


ROY  F  WESTON,  NC. 

Q-ENT:  T ^  ~A>Ct-OCry 

LOCATION:  i.Oa  ,  m<i 

WORK  ORDER  NUMBER:  z,-j,vvoi 


WELLLOG 

WEU  NUMBER;  RFW-_ 
PAGE  1  OF  i 


DRtUJNG  CONTRACTOR: 

DRILLING  DATES:  J  t  -  4  -  9 , 

INSPECTOR; 

BOREHOLE  DEPTH:  32^,  FT.  BaOW  GROUND  SURFACE 
WELL  DEPTH- WA  FT.  BELOW  TOP  OF  FVC  CASING 
ELEVATION  OF  TOP  OF  FVC  WELL  CASING;  t  'A  FT.  AMSL 
GROUNDWATER  ELEVATION:  A' A  FT.  AMSL 


WEU  CONSTRUCTION 


No  i,Oc  ll  XinWAu-6ii 


DEPTH 

(ran 


SAMPl£ 


-10 


-1 1 


-II 


-iL 


-IT 


-ll 

-2*/ 


3. 


/a 


DRILLING  EQUIPMENT 

;  DRILL ROlb An ev  kc^t 

SAMPLER 

/  Vp  ■*  S?li  r  s  ?tc  ^ 

HAMMER 

WEIGHT 

1  He  'la 

CLASSIFICATION 


S'  w-f  a  i/x 


/5uj-  iM'i  JitT  ib% 

ttT* _ j  Fw»  A  A|h*u  ■  OfA  AW  ^ 


NOTES 


-LL- 


-fl^- 


JI 

3E 


it. 


3 


L2 


tOfK/tft,  Sof  +  i  ^ 

VUnftAtfiL  Pm*  4  *V 

M£V«*i  iO  */#  COA>ri^  £**«  # 

S*J  YT'L  ^fc4AJta.<4^  „ 

- - - - - - m  WH  \ 

1  YR  n*rtpUlnv  Q,,t  “ 

t*~0,  Vwy,  Od^a 

Ski  \  C  Y-  ^  r*v±$  , 


,£0% 


4y*j  ilvtr,  tionffAfni  c.aJ 

**l€biu~i  |W*  CoAOt 

VC*/* 


rgcuuti^ 


Sw 


-Li- 


JJL 


Li 


JUS. 


JLL 


z% 


24 


1> 


JLL 


10 


31 


JLJs 


1  o  y  it.  W  ^  ^  Aft'f  irT™ 

(  j*»%  toAnr  J54~'b 

Sv*J  U*/<  yA/tif. 


ij— **°Y*  tVW,  SaPr,  AJ^pUlnt 

SA^J1  C OAOf 


Sw 


_  IfVfa  _ 

i  r/'-J  \>ATwp  ~  Jtjfrv  vvwf^fitu.  *^J" 

(SP\  iJV*J  ^  COPWTtlA^Jj 

+TA1*  -fi-A  ^CAU<J  ■ 


$V/* 

CZ% 


no  RfCouCfi, 


^  *  STtne  m  Tip  of 


*■ 


LL 


1*, 


VW  {  S*f*t  t  nonfrAtitt  Svnt 

fspN  #  +f^t*  coAriE 

^  Sa<t^  1  -yfAt*  Vo  Wfl  <1*  w,  t  *  c 

- , - ta» — ■  _ 

lp  vtf  DAmf  <  S0*Tt  flwnpUACtiC 

CSr^  tart  dr  tAKd,  +TAtP 

<vk«a^u^  VfwU.  -V'+w.tt  f.^it 

LAkC^  C$>  iq 


nt eecuvtAY 


<Tfco^rf^ 


*,rv  Vv  bAMp,  Soft  t  o®n(*^nt 

/  ,  .  \  Fi^it  ^Ait>  TVi-^  <f  l 

OV^  V<jJ  t  , 

*°  r^i  ift  £>pwi^  ^Fitfrn  vn*w)  -plASfW 


C*<*3 


VOT^f  SA1P1&  #  +h,Tfl^i^ 

CittiJ-  ltd* 


9&%  RtOtfCTlj 


'+V0{o  gECwO^I 


fcec<w>£gy  1 


COMMENTS: 


K-188 


fiOYF,  WESTON.  NO. 

®-JENT:  MATfipiUL  Tjc h wetoo-y 

LOCATION:  ,  M  A 

'(VORK ORDER  NUMBER:  ££.*■» -m-ci 


WELL  LOG 
WELL  NUMBER: 
PAGE  2  OF  Z 


DRILLING  CONTRACTOR:  (S  4  R  .  :r«c 

0R1UJNG CATES:  n-t-Si 
INSPECTOR:  RiCHA«»>  ettllHOrt*' 

BOR&tOCE  DEPTH:  3V  FT.  BSjOW  GROUND  SURFACE 
WELL06PTH:  NJ\  FT.  BELOW  TOP  OF  PVC  CASNG 
ELEVATION  OF  TOP  OF  PVC  WELL  CASING:  N*  FT.  AMSL 
GROUNOWATEH  ELEVATION:^  A  FT.  AMSL 


ORtUNG  EOUPMSVT 

ORLLRJGIbflvFy  r?F*rr 

SAMPLER 

J  ^  ^  Pt.tr  j  ?e0«> 

HAMMER 

WBGHT 

IHC  ila 

LENGTH 

OF  FALL 


So 


WS1  CONSTRUCTION 

?  U.I) 


CLASSIFCATION 


NOTES 


No  uJCLl  x^4rAu.6li  4 — 


r 


pH^HgO  |  tv  C/*j  f  ft 

v^4y  SA*T6  t+StA  (W^) 


bt4v 


-2U 


^  I  ■  7,.  gy  STj^  Ujtr,  f<*~l  ?L^^T,crr^ 

— 77^"^  /_  ^  Wrffc  ^0%  Sitf  *  /  t^rirkc 


-25 


|(c^ 


&o%  regret-/ 


* ATwMrri ,  ^tnt  ' J  r 


tloV*  £*vT. 


LOuJ’^rt 


1  W  rfK 

JVJ  jpy*  Wtf  (  £**T, 

t^o  Mf  ^  nW, 


*■ 


»%  (u^,jfA4| 
rtcw>ot4*i 


COMMENTS: 


*cV  Si' 

fUc  TCA%« 


‘Ji  o/«e  *t  cfwere-i 


K-189 


K-190 


L 


9 


ROY  F.  WESTON,  NC. 

CLIENT:  f\  TfcM**c<-o(r-Y 

LOCATION:  oJ4-rE«-te-*/*  (  m  a 
WORK  ORDER  NUMBSL  i^-u-ei 


WELL  LOG 

WELL  NUMBER: Grsb-z  ' 
PAGE  t  OF  z 


DRAJUNQ  CONTRACTOR:  HE  4  R  “,1  TtAfjA  TiO-J  A  i.  ( 
ORRUNQ  OATES:  U-t-H  th*,^ 

INSPECTOR:  eicnw** 

BOREHOUE  DEPTH:  ^6  FT.  BaOW  GROUND  SURFACE 
WELL  DEPTH:  FT.  BELOW  TOP  OF  PVC  CASINO 

ELEYATtON  OF  TOP  OF  P/C  WELL  GASff'JG: A '  P  FT.  AMSL 
GROUNDWATER  ELEVATION:/  / A  FT.  AMSL 


ORLUNO  EQUIPMENT 


ORLL  RJGI^^f  t  (CEA»r 


SAMP*  ER|  1  ^  * 


ISC  IS 


lo‘ 


WELL  CONSTRUCTION 


No  ulCU.  Xa/stau.€I5 


COT4 

FSTJ 


CLASSIFICATION 


3f\  So*t,  nonpWSTit  I  n-T-| 

LOA*n  f/A<*  f,«#  1Aa(/  • 


NOTES 


tccwetj. 


-S 

-fc 


iOL- Sf'i  (A'«*  £-« 

|0y(  fiAf  **'t>  i  h>  ™  . 

'SW>  CuiinC  to'A 


^  ^ ■*  £4*14 i  ^  f  C  V* 

CoA*l*  U^,  4«Vo  S-tAAj  - 


5--0 


3"'"^ 


/j(j  fifCoue*.^  ,  Yt,T  V’0®'’  *£*•"*<■ 


CpA<lf  s*1*  #  ZA-Vk 


Ty*^  .  SOf^T  i"ifivVL-**T*c 

*  k  IOJJL  CftAAvf 

SAai%  ,  lo  ■» 

*AJwfc  ,  Ifi'V* 


XL 


-if 


-TT 

TT~ 


u 


>% 

72: 


:_  =72 


:-21 _ 3fc 

,  IV 


( iftpt ,  n«A^AinL 

*#„*  r  io’iC  CttAiMA' 

l®V*  -  A* } 


tQ~r  J  *r«j  'KtnHT'  ne^iAT.1  , 

V  <*C  t**.*  C£3*ll  '****| 

p  ifCAk 


Vi  ,  4M#  ,*>*#%.  ri*lWV  P.4tCA^ 


i^a  l/i  -io 

X^rCTUP^  *"-< 

/  v’f'/'A  Ui  L(*Mf  t  ^  ■  r^fot 

pN  P  ,  t #  yk  *a.v 


*fc7*  f/4  -  1*^  t/H  *A^~~%m*r~t*+*r'**r**'  '  MukJii  " 

^,flf  '  nfb  iasI, 

T'flRt*  LoAnc  4 

1  -  ■  t   'Uk  ■ 


ft**  Vl  f  I  -T  ***  DA  nf  lTFf  UAtfle 

LCnC  .  * 

( 


7 -  _T  .  ■■ 

U^«  .  Q 

*\  F'*'*  ^ANV^  4fAgj  y4vO(f 

■  >  Lf  -Ki-,^  i^TTAkAJ  d|  vCrtf 


1*7^  >/t  V*«.  '•SwfvA^k 

f\ot  V^AU.  w^-Li  J  > 

(^SP_)  V ^  W*  ^ 


VS '%8ccort*f 


ff* 


^7>  FgLgvtt^ 


ro%  rA«M**5 


fi»y* 


To/L  fitcuXtj 


^•5%  rectn/t^^ 


TfX  reic-u^ 


75% 


COMMENTS: 


K-191 


K-192 


0] 


«OYF.  WESTON.  NO 

CLENT:  MAt£V?i Al  T£<H**«to(ry  LA A'f 

LOCATION:  W*TE£-feww  ,  Mfl 
WORK  ORDER  NUMBSL  r»-n-e» 


WELL  LOG 

WELL  NUMBER:  ,  * 

PAGE /OF  / 


DRILLING  CONTRACTOR:  IK  4  R  x-o  rf  tiw a  <_  S"*c. 
ORflJJNG OATES: 

INSPECTOR:  i/f  >a 

BORBCLEDB^TH  ?.  FT.  BELCW  GROUND  SURFACE 
WELLOEFTTt  £3  FT.  BELOW  TOP  OP  CASING 
ELEVATION  OF  TOP  OF  PVC  WELL  CASING:  N  A  FT.  AMSL 
GROUNDWATER  ELEVATIONS  Jfr  FT.  AMSL 


ORUJNG  EQUIPMENT 


DRLLRIGIbRve^ 


WEU.  CONSTRUCTION 


No  UJCLL  I-JLrAU.e(i 


■Z  - 


to 


-H 


-it. 


-tf 


-n 


-W 


SAMPLER  1 1  Vg  •  i*  S  ?to*< 

u  A  I  niEQ 

WBGHT 

if® 


J4C 


So" 


=1 


CLASSIFICATION 


NOTES 


* 


rO^rt  s/j  ‘lo*=T  *  COvy 

SiMT  c^i 

_ 


~fc%  rec&Jbx'i 


*  y&  %  >  5  * *  *  SLSitn  u  ry 

'  Su-r  **4  ct-^y 

.fe^^pg  l^TgtVAl  £  Uf  -  1*  S4m twtbLUJZ  t/* , 


m  $EC**£A'f 


'ffD  f'ttov  t*y 


COMMENTS; 


&(*>»#  (3  ?  / 

4tx  rtVi/  re4  A>  «Y  &Atkjr /e vtfi 


/fo  &U{_  fr£Ffue.b 


K-193 


K-194 


0 


K-195 
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Ba"a-  8*B1-i-38  5 

asss*  a8w»«~*.~-  - 
-  -s  5^  a^  ^ss 


iS-jO  o 
o< 


ssK 


|*  «  * 

O  Jg  - 


5o 

ss 

si 

ffiff 

i— 

o  tJ 

ss 

aa 


o 
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si 
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A 

u  * 
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«f 

*5 

IZ 


tf  * 

“  3h 


oi 

*>• 

5  8 

is 

<-  L 
I-  ik. 

35 


P 

ft 

u 

X 

a 

i 


o 

s 

1 

Sc 

s 


s 

H 

s 

s 


IS 


- —  -  —  —  —  — ■  —  —  —  —  “r  —  “  “  » 

ftRSSSSiSSSSS2l2J2i2SS£2t£SS22£21&2!2!£S££(>0l<>0'd‘0hl><,'®'^^®®oicM>onfco*®& 

SS332SS2S®SS£SS222BS3SSSSS2SS*2SSSSSSSSS2S2S3S^^^^^^^ 

33S35S15B2SSS5f!SS?3iS  Ssj  S 
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s  s  i 

s  2  2 

Si 


f  t  O 


i  *  \n  «  lj*  *  it  tvrw 


■  >-"*>j  _i  k»^*r*T 


L.  Chemical  Inventory 
tor  MTL 


9 


ffcfc  t 

™  **  >9  0  9  0 

**ry  ©wo-R8°SSo 

*-  —  ft**- 


i 


oe  * 


*  3LS,  >->*>•>.  5. 5*  S*  k  ** 

-V’^s'>‘^.*^.'^>-,Vj'V'^v’,V,*S'S.*^. 

»5  2 A  ©»»«»»»«  •—  5*  n 

O  0__  v  «  fiO  Q 

O  O  v  O  O 

2^lA©Ai-lAO«>^^  gi^O 
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5 

fi 

S 

fi. 


© 

fcl 
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»* 

u 


T  \J3  »  U’  <  ■!  ?\/LJ 


'HVJ 


riT 


■3CC1,  _t-^_— ^ ir* 


CHEMICAL  INVENT  OAT  OF  MATER  PALS  ffCHNOLOST  LA&GfrAJOftf 


'  i  i  ♦  i  *  (  *  t  i 

lAtft  tfv  i  *A  lA  lA  iA  iA  lA  lA 


-  -  _ _  iA  ,,n,0'n*1  mm  p  '  t  <  iaiauvia 
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CHEMICAL  II* YEN  TORY  CT  KVTEHALS  TECHNOLOGY  LABORATORY  PAGE 
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SLCMT-MSM  27  August  1992 


MEMORANDUM  for 

Deputy  Director  /  Commander 
Property  Book  Officer 
Law  Enforcement  &  Security  Division 
Materials  Dynamic  Branch 

SUBJECT:  Arms,  Ammunition  and  Explosives  Inventory  for  August  1992 


1.  A  physical  inventory  of  weapons  listed  on  the  Installation  Sensitive  Items  Report  (1SIR) 
was  conducted  IAW  AR  71 0-2  by  Heather  A.  Wickman  and  Robert  McIntyre  on  27  August  1992 
All  weapons  were  inventoried  by  serial  number.  A  physical  inventory  of  Box  #4  (Seal  #005827 
and  Seal  #005836),  stored  in  the  Security  Arms  Room  in  Building  313.  was  conducted.  Nine  .38 
revolvers  were  found  with  the  following  serial  numbers:  36549.  37128,  37658,  37584.  37803, 
37956.  38408,  723582,  and  37419. 


2 .  The  following  ammunition  belonging  to  the  Law  Enforcement  Security  Division  is  stored  in 
the  security  Amts  room  in  Building  31 3N.  This  information  is  shown  in  Table  1. 

a.  95  rounds  of  .38  Caliber  Ball  ammunition  were  kept  loose  in  the  Aims  Room. 

7  grounds  were  in  a  ready  tray  and  24  rounds  were  issued  to  guards  on  duty. 

b .  The  items  below  were  stored  m  sealed  containers: 

(1)  Box  #1,  Seal  #005803,  6  each  M7A2  Grenades  and  30  each  M25A1 
Grenades.  This  box  bad  the  same  seal  as  last  month,  so  a  physical 
inventory  was  not  conducted. 

(2)  Box  #2,  Seal  #005837.  This  box  had  a  different  seal  than  last  month,  so  a 
physical  inventory'  was  conducted:  95  each,  .45  Caliber  Ball.  583  each,  .38 
Caliber  Ball  and  63  each  4B/00  12  Gauge  Cartridges. 

(3)  Box  #3,  Seal  005833.  This  box  had  a  different  seal  than  last  month,  sc  a 
physical  inventory  was  conducted;  642  each,  .38  Caliber  Waccutters. 


3  .  The  AA&E  belonging  to  MRD  is  stored  in  Bunker  245  as  follows.  The  quantities  were 
obtained  from  the  TSIR  dated  27  August  1992.  This  information  is  shewn  in  Table  2. 

a.  2  barrels,  HC-25  propellant  powder,  total  weight  880  ounces. 

b.  2  barrels,  HC-33  propellant  powder,  total  weigh:  1292  ounces. 

c.  5  each.  1  lb-  canisters  BLUEDOT propellant  powder,  total  weight  80  ounces. 

d.  5  each,  1  lb.  canisters  BULLSEYE  propellant  powder,  total  weight  80  ounces. 

e.  5  each,  1  lb.  canisters  LMR  4320  propellant  powder,  total  weight  0  ounces. 

f.  40  each.  1  lb.  canisters  IMR.  4§§5  propellant  powder,  total  weight  320  ounces. 

g.  5  each,  1  lb  canisters  UNIQUE  propellant  powder,  total  weight  80  ounces. 

h.  5  each,  1  lb.  canisters  WINCH  .74$  propellant  powder,  total  weigh:  80  ounces. 

i.  I  each,  165  mm  -  M2  propellant  powder,  total  weight  1923  ounces. 

j.  1  each,  barrel,  IMR  5010  propellant  powder,  total  weight  1440  ounces. 
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SUBJECT:  Arms,  4mm  unit  ton  and  Explosives  Inventory  for  August  1992 


4 .  Please  see  Tables  1  and  2  for  more  information. 


Enclosures: 
Table  1 
Table  2 


^SclKia  G.  CCrdc^e^. 


Headier  A.  Wickmar. 
AA&E  Inventory  Officer 
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BUNKER  245,  Date: 
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M2MORANDUM  FC.R  See  Distribution 


SUBJECT:  Add 
Explosives 


dd.L'tz.onal  Dury  A  ss  i  g  nn  er,  t  -  A  rm 

(AA*E)  Inventory  Officer 


s.  Ammunition,  and 


:or 


ji"  *  folcovriji"  * 

period  indicated ’ir'plr^alh  “*  U>cv*  -c~ 

-i.tart.:  ■«*«  *ieta«.  H»  Al-.ar-.ata:  «lchael  Suca8es>  ^ 

2-  Author irv:  AS  710--?  ts-- 

and  A R  1=5-5'  ~  *  "  **•  "  3  * '  190-11,  Par  2-6;  AS  190-’ 3 

IricrSant:ar.rS^--r?ty  ^var.ttry  Of  **«  in  -he  Uw 

^v°4 113  •  &  SmTSV^**1  “•>  *«»<**« 

Period:  AUGUST  1992 

?*  Special  Instruct i or s *  >n  _ _ „  ,  . 

IS  to  be  r.onductae,  nxt  tha  'a^fi-v^J  inspection  and  Invartorv 
paragraph  4  above,  Zxt  r£Ul£U  cl-t*  SV!ath'  ci?si  ^ 

Property  3ook  Officer  rax*  thifl  *nVsnrorv-  -with  the 

the  inventory.  The  mtl  -m-p  “7es~. 10  working  cavs  befr-a. 

hours  prior  to  tfea  insoeet^o?  P’*\l  "r11  be  no~“ i«=' HLT  24~ 

°.v«*«  the  count  of  tl?  ^  0?h*  Officer  will 

ancve.  Record  in  tH«  i  nvI“ftl.  i  ***-,  aiscussad  in  3£r=~a=:-  3 
previous  iaventorv/toSi  .*?*  "ndin“  lienee 

2  ^  '  ana  tne  cu™an~  -  s,i4Wa  ,_n*  ™sviop's 

j.^ven^arj*  ~  “  -^.-**nce  -“iV^r-tcried  5^*-  -  ^ 

^  - x ^ subiEii.  a  h— 4  — _-Pi"  *— “■  ,ne 

COlC  Of  ^  .Cf'*  j;  ^  „  *"“'—w  —  “k“h'  3j.  v.  w  O  11110  ' 

“if  ch*et '  Materials  DynaaJos^rln-^'S^^  Security  Division, "  and 

-he  completion  of  the  inventory?  '  ~  ~h-n  5  -erkenr  days  of 

6-  P.O.c.  is  Michael  Quiga,  Chief  -oe*  ^  ■  - 

- ^?-ihcs  Division  at  X5C2~. 


Deputy  D 
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ir*r*ander 


DISTRIBUTION; 

:  S«zs^ysf AAf g-igr :rKS 

gig-  wmstxcs  ^iho^-i^ir  ££Kg'  «»•=  stc.---sC 

S^CMT  WE 

-^-oa.crv  orp-resa.  pri^rv  1-Dm  -^i,VK^ob-  '  AT-^-‘  slcmt-mp- 

-  JfVEKTC*  V  orrr — =  v  flUl  *  A-  -  A  •  *  -  SMT  -K2  C 

‘  °r- "-dr,.  A^ToRNATr  ATT  A* :  S  ACMT  -mo  c 

L-24 


Container  Sample  311SW02 
Sump  In  Building  311 


M.  Photographs 


Container  Sample  100SW01 
Reactor  Basement 


Container  Sample  100SW02 
Sump  in  Reactor  Basement  [ 
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Container  Sample  39SW01 
Sump  In  Tunnel  Beneath 
Building  39 


Container  Sample  43SED01 
Sump  in  Building  43 


Container  Sample  43SED02 
Tank  In  Building  43 


Container  Sample  43SW01 
Sump  in  Building  43 
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Container  Sample  31 1 SED04 
Tank  in  Building  311 


Container  Sample  311SED03 
Sump  in  Building  311 


Container  Sample  243SED01 
Cistern  Adjacent  to  Building  243 
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Building  313C  Cistern 
Location  of  Samples 
313CSW01  and  313CSED01 


Container  Sample  312SED01 
Basin  In  Hallway  of  Building  312 
(Between  Plate  Shop  and 
Beryllium  Machining  Laboratory) 
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Sanitary  Sewer  Manhole 
No.  74 


Sediment  Sampling  in 
Sanitary  Sewer 
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Building  43  -  Surface  Radiation 
Removability  Study  • 
Instrument  Survey 


Building  43  Surface  Radiation 
Removability  Study  - 
Floor  Tile  Removal 


M-7 


1 136-8493CJ  7/18/92 


rt-rM  vi*fu 


Loose  Insulation  Material 
{Possibly  Asbestos-Containing) 
in  Tunnel  Between 
Buildings  60  and  313 


Tunnel  From  Building  60 
to  Building  313  Facing  North 
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Close-Up  of  Building  60/227 
Tunnel  Junction 
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BwwnRiwi+iin 


Tunnel  Junction  Beneath 
Building  227  Area  of  Former 
Leak.  No  Leakage  Apparent. 


Globules  of  Black  Oil  In 
Sanitary  Sewer 


Dye  Testing  of  Cistern 
Adjacent  to  Building  243 
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APPENDIX  N 


SUMMARY  OF  CHEMICAL  AND  RADIOLOGICAL  ANALYTICAL 
DATA  USED  FOR  RISK  ASSESSMENT 


TABLE  _ TITLE _  PAGE 

N-l  Summary  of  Chemical  Data  for  Site-Related  Soil  and 

Background  Locations .  N-2 

N-2  Summary  of  Radiological  Data  for  Site-Related  Soil  and 

Background  Locations . . .  N-7 

N-3  Summary  of  Chemical  Data  for  Park  and  Yacht  Club  Soil 

Locations  . . .  N-8 

N-4  Summary  of  Radiological  Data  for  Park  and  Yacht  Club 

Locations  . N-12 

N-5  Summary  of  Chemical  Data  for  Site-Related  Surface  Water  and 

Background  Surface  Water  Locations  .  N-13 

N-6  Summary  of  Radiological  Data  for  Site-Related  Surface  Water  and 

Background  Surface  Water  Locations  . . .  N-l 8 

N-7  Summary  of  Chemical  Data  for  Site-Related  Sediment  and 

Background  Sediment  Locations  .  N-19 

N-8  Summary  of  Radiological  Data  for  Site-Related  Sediment  and 

Background  Sediment  Locations  .  N-23 


N-l 


N.  Chemical/ 

Radiological  Analytical  Data 


_ BITE  ^RELATED  SOIL  SAMPLES _  _ BACKGROUHD  BOIL  SAMPLES _ 

Freq*  of  Rang*  of  Datactad  Range  of  Detection  Fraq.  of  Range  of  Detected  Range  of  Detection 

Detection  Valuea,  aqAq  Linita,  nq/kq  Detection  Veluea,  eq/Kq  Lin  It  a,  ng/kg 

Chenical  Kane  _ Hite  Total  Win,  Ma*«.  Hin*  Han*  Hit*  Total  Min*  Hart*  Min*  Hue. 
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O.  Exposure  Point 
Concentrations 


Part  A 


Exposure  Point  Concentrations  in  Garden  Vegetables 


The  concentration  of  contaminants  in  garden  vegetables  grown  in  contaminate  soil  may  be 
calculate  from  the  concentration  in  soil  as  follows: 


C„  =  C.-BCF 


where: 

Q  =  Concentration  of  contaminant  in  vegetables  (mg/kg) 

C,  =  Concentration  of  contaminant  in  soil  (mg/kg) 

BCF  =  Bioconcentration  factor  for  vegetables  (unitless) 

The  value  of  BCF  is  a  chemical-specific  and  plant-specific  term.  For  the  purposes  of  this 
assessment,  plants  were  divided  into  three  categories:  (1)  leafy  vegetables  (le:tuce,  cabbage, 
etc.);  (2)  root  vegetables  (carrots,  radishes,  potatoes,  etc.);  and  (3)  garden  fruits  (tomatoes, 
com,  etc.). 

For  inorganic  ions,  BCF  values  for  leafy  vegetables  and  for  root  vegetables/garden  fruits  are 
given  in  Baes  et  al.  (1984). 

For  organic  chemicals,  BCF  values  for  leafy  vegetables  are  calculated  from  the  following 
equation  (Travis  and  Arms,  1988): 

logfBCF*)  =  1.588  -  0.578-log(Kw) 


Thus, 

BCF*  -  10"  ^ 


For  root  vegetables  and  garden  fruits,  BCF  values 


BCF*  -  BCF,  = 


are  derived  as  follows: 
RCF 


where: 

RCF  —  Root  concentration  factor  (unitless) 

=  Organic  carbon/ water  partition  coefficient  (unitless) 
foe  =  Fraction  of  soil  that  is  organic  carbon  (unitless) 
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The  value  of  RCF  is  given  by  Briggs  et  al.  (1982)  as: 


log(RCF-0. 82)  ■  0.77*log(K_)  -1.52 


Values  of  are  available  in  the  literature  for  some  chemicals.  In  the  absence  of  data,  the 
value  of  K«  can  be  estimated  from  the  value  of  K^,  as  follows  (Lyman  et  al.,  1982): 


log(KJ  ■=  O.SW-logtK^)  +  1.377 


Combining  these  equations  yields: 


BCF„  -  BCF^ 


10W.T7  k,  K_  -  Mi)  +  Q  g2 

foe 


The  value  of  foe  is  site-specific.  A  default  value  of  0.02  (2%)  was  assumed  to  be 
representative  for  soils  within  the  areas  of  concern  at  MTL. 

Adjustment  for  Wet  Weight 

The  BCF  values  above  are  expressed  in  terms  of  the  drv  weight  of  the  vegetable,  while 
human  intake  is  usually  described  in  terms  of  wet  weight.  Therefore,  each  BCF  term  was 
corrected  by  multiplying  by  the  dry  weight/wet  weight  ratio  for  each  vegetable  type.  Based 
on  data  from  Baes  et  al.  (1984),  these  ratios  are  as  follows: 


Vegetable  Type  Drv  Wt.TWet  Wt. 


Root  vegetables 


0.05 

0.06 

0.12 


In  order  to  simplify  the  overall  process  of  calculating  exposure  via  garden  vegetables,  the 
total  dose  from  all  three  types  of  vegetable  can  be  calculated  as  follows: 


DI„ 

HIF„ 

HIF„ 

HIF, 


DI„  +  DI„  *  djf 
<VHIFh  *  C^HIF,, 
HIF/f,, 

HIF,-f„ 

HIF.'f, 


♦  VHIFtf 


where: 

HIFV  =  Total  intake  of  garden  vegetables  (kg/kg/day). 
f*  =  Fraction  of  total  garden  vegetable  intake  comprised  of  leafy  vegetables 
(unitless). 
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f„  =  Fraction  of  total  garden  vegetable  intake  comprised  of  root  vegetables 
(unitless). 

f(f  =  Fraction  of  total  garden  vegetable  intake  comprised  of  garden  :Tuit  vegetables 
(unitless). 

Based  on  data  on  intake  of  garden  vegetables  by  category  (EPA,  1989),  values  of  f  for  each 
class  can  be  calculated  as  follows: 


%  Total 


Category 

Adult 

Child 

Average 

f 

Leafy  vegetable 

21 

10 

15 

0.15 

Root  vegetable 

32 

45 

39 

0.39 

Garden  fruit 

47 

_ 45 

_4£ 

0.46 

Total 

100 

100 

100 

1.00 

Using  these  values  of  f  and  substituting  for  C*,  C„  and  Csf  from  the  equations  described 
previously  yields: 

=  C.-HIF,- ( (0.15) (BCF^) +(0.39) (BCF^) +(0.46) (BCF„) ] 

=  C,*HIF¥*BCFV 


The  term  in  brackets  can  then  be  evaluated  for  each  chemical  of  potential  concern  and  used 
to  calculate  dose  from  the  concentration  in  surface  soil  (CJ  and  the  total  daily  intake  of 
garden  vegetables  (HIFV).  Calculations  for  deriving  BCF  terms  are  summarised  in 
Table  0-1. 
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TABLE  0-1  CALCULATION  OF  BIOCONCENTRATION  FACTORS  FOR  GARDEN  VEGETABLES 


CHEM.  SPEC 

UPTAKE  INTO 

UPTAKE  INTO 

DATA  INPUT 

ROOTS  A 1SIO  FRUITS 

LEAFY  VEGS. 

CHEMICAL 

togKow  (») 

Koc 

RCF 

BCFr 

BCPf 

BCR 

BCFv 

Aoe  naphthene 

3X2 

3JE+03 

3.2E  +  01 

608-02 

3.064)2 

1. IE-02 

38802 

AotriiDhtfivlint 

4.07 

69E+03 

4.2E  +  01 

6.4E-C2 

3864)2 

686-03 

4.1  E4)2 

Acetone 

<k-24 

1.88+01 

64E01 

2-9E-C1 

1.464)1 

2. 76+00 

5.8801 

AkSrin 

3.01 

1,06  +  03 

7.1E+00 

4.1E4H 

2.1E-02 

3.5802 

3.1  E02 

Afpfta-Chtordan# 

&54 

2.58  +  04 

5.  BE +02 

1.484)1 

6.88-02 

1-2E4B 

65E-02 

Alpha-Endoeuffan 

3.55 

206  +  03 

1.7E+01 

5.  IE-02 

2.58-02 

1.7E-02 

64802 

Anthracene 

4-56 

7.1E+Q3 

9.7E+01 

L2E42 

4.  IE-02 

4.5803 

5.1E-02 

Arsenic  (b) 

7JE4M 

3.68-04 

2.0EO3 

78804 

Barium  (b) 

1.884)3 

9.0804 

78E-03 

2-28-03 

Banian* 

2.13 

3,46  +  02 

2.1E+00 

67E-02 

186-02 

1,1  EOI 

4.0EO2 

Banjo  (a)  anthracene 

666 

2.98  +  04 

8-9E+02 

1.464)1 

7  884)2 

108-03 

9.08-02 

Banio  (a)  pyrana 

61 

5,08  +  04 

1AE  +  03 

1JE4J1 

9.  IE-02 

58E-04 

1.1  EOI 

Bamo  <bj  fluoranthene 

612 

6.1E+04 

1.6E  +  03 

1-8E4J1 

98602 

5.6E-04 

1.  IE-01 

BafUO  (gth,l)  parytana 

7.1 

1.7E+05 

6.9E  +  03 

3.  IE-01 

1.5E01 

1.58-04 

1-964)1 

Bamo  (k)  fluoranthene 

e,es 

1.3E+0S 

5.7E  +  C3 

2.7E-01 

18E01 

2.  IE-04 

1.7E01 

Beryllium  (b) 

1  .BE -04 

9.0E-06 

5.08-04 

1.9804 

BaU-Endoautfan 

3.55 

2.0E+03 

1.7E  +  01 

5.  IE-02 

2.5E-02 

1.71-02 

3.4802 

Bit  (2-«thy1l»xyt}  pMhalat* 

9 

1JE  +  06 

2.68  +  05 

6-2E-01 

4.1  EOI 

1JE-06 

5.1  EOI 

Boron  (b) 

2.46-01 

18E01 

2.0801 

1-8E-01 

Butanone.2- 

0-29 

64E+01 

67601 

13E-01 

7.6E-02 

1 .36+00 

2.9801 

Cadmium  (b) 

168-02 

9.064)3 

2.68-02 

16E4)2 

Cadmium  Jwater)  (b) 

NA 

Oiordan* 

654 

2.5E  +  04 

5,68  +  02 

1.4E-01 

6.8E02 

18E-03 

658-02 

Chromium  (b) 

64E-04 

2.7E-04 

3.8E-04 

69804 

Chrysene 

666 

2.9E  +  04 

6.9E  +  02 

1.4E-01 

7-2E-02 

1.0EO3 

9.0802 

Cobalt  (b) 

6484)4 

48E04 

1.0803 

6.784)4 

Cyanida  (b) 

NA 

NA 

■  NA 

NA 

DD0 

66 

3.4E  +  04 

8.8E  +  G2 

1.6E-01 

78E-02 

8.6E-04 

9.7E-02 

DOE 

5-69 

3.0E  +  04 

7.38+02 

1.56-01 

7.4602 

1,00603 

9.1  E  02 

DOT 

666 

6.9E  +  04 

2.4E  +  03 

2.  IE-01 

1.0EO1 

4.1  E4M 

IJEOI 

Dibenz  (ath)  anthracene 

664 

1.38  +  06 

5.68+03 

2.764)1 

IJEOI 

2-2E04 

1.7&01 

Oietdrtn 

4.56 

7.26+03 

9.98+01 

62£4» 

4.1 602 

48E03 

5-2E-02 

Dimethyl  benzene 

3-2 

1.3E+Q3 

9.68+00 

4.4E-02 

2.2E02 

2.78-02 

61E02 

Endrin 

4.56 

7.2E+03 

9.9E  +  01 

8.28-02 

4.1E-02 

4,5603 

5-2602 

Fluoranthene 

4.95 

1.2E+04 

2.08+02 

1.064)1 

5.0E-02 

2.7803 

638-02 

Fluor  an* 

4.12 

4.2E  +  03 

4.6E+01 

6 .66-02 

3.38-02 

8.0803 

4-2E-02 

Gamma-Chtordan* 

6.54 

2.58  +  04 

668  +  02 

1.4E-01 

68E-02 

1.2E-03 

6564)2 

Gamrm-HaxachkKocycioha  tan* 

4.14 

4.3E+03 

4.7E+01 

6.764)2 

3.3802 

78603 

4.3802 

Haptachlor 

4X7 

S.0E+03 

5.9E+01 

7.1E-02 

3.6E-02 

8.68413 

4.5802 

Heptach  lor  epoxide 

5.4 

2.1E+04 

4.4E+02 

1.3E-01 

6.364)2 

18803 

7-9802 

indano  (1,2,3-od)  pyrana 

6.58 

9.0E+04 

3.5E  +  03 

2.3E-01 

1.2E-01 

3.064)4 

1.4801 

Lead  (b) 

1. IE-03 

5.4E-04 

2.3803 

1.0E03 

Manganese  <b) 

6.0E-03 

3.0803 

1.3802 

5.7E03 

Mercury  (b) 

2.4E-02 

18E02 

4.5E-Q2 

2-2E02 

Methylnaphthalene,  2- 

4.11 

4.1E+03 

4.58+01 

8.6E-02 

3.3E-02 

8.2E-03 

4.2802 

Naphthaiana 

3.3 

1.5E+03 

1.1E+01 

4.6S-02 

2.3E-02 

2-4E-02 

62E-Q2 

Nickel  (b> 

7.2E-03 

3.6E-03 

3.08-03 

4.98-03 

Nitrate  (b) 

3.66  +  00 

18E+00 

18E+00 

2-58  +  00 

Nitrite,  nitrate  -  nonspecific  (b) 

66E+00 

1 .88  +  00 

1.58  +  00 

2JE+00 

PCS  1260 

691 

1.4E  +  06 

8.3E  +  03 

2.8E-01 

1.4601 

606-04 

1.7E01 

Pbenanthrene 

4.57 

7.3E  +  03 

1.0E+02 

8.3E4B 

4.1  £02 

4.4803 

62602 

Pyrene 

4.80 

1.1E  +  04 

1.7E+02 

9.7E-02 

4.8E-02 

2.98-03 

6.0602 

Silver  (b) 

1.2E-Q2 

8.0EO3 

2.06-02 

10802 

Sulfide  (b) 

1864)1 

9.0E-02 

7.584)2 

IJEOI 

Tetrachioroethen* 

3,4 

1.7E+03 

1.36  +  01 

4.88-02 

2.4E-Q2 

2.  IE-02 

63E-02 

Tetraxene 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Tin  (b) 

7JE4M 

3.6E-04 

1.5E03 

67604 

Toluana 

2.73 

7.3E+G2 

4.6E+00 

3.88-02 

1 .96-02 

5.1E02 

3.1E-02 

i  ncnjoroemane 

2.42 

4.9E+02 

3.08  +  00 

3,784)2 

1.8E-02 

7.7E-02 

3.4E-02 

Uranium  (b) 

488-04 

2.4E-04 

4.3E-04 

3.6804 

0-5 


TABLE  0-1  CALCULATION  OF  BIOCONCENTRATION  FACTORS  FOR  GARDEN  VEGETABLES 


CHEM.  SPEC  UPTAKE  INTO  UPTAKE  WTO 

DATA  INPUT  ROOTS  AND  FRUITS  LEAFY  VEGS. 


CHEMICAL 


logKow  (a)  Koc  RCF  BCFr  BCB  BCR 


Vanadium  (b)  3.6E-04  1BE-04  2.8E-04 

Xylan**  32  1.3E+C3  8.6E+00  4.4E-C2  2-2E-02  2.7E-02 


(a)  All  valu**  from  USEPA 1882  unlma  notad  othandaa. 

(b)  Baaa,  1864. 


BCFv 

2.6E-04 

3.1E-Q2 


0-6 


Part  B:  Exposure  Point  Concentration  Worksheets  for  Chemical  Contaminants 


0-7 


DATA  STATISTICS  DATE:  08/18/93 

EXPOSURE  POINT:  ON-SITE  -  ZONE  1  FILENA  STTS-2ZLWQ1 

MEDIUM:  SOILS  (Ml 
UNITS:  MG/KG 
U  MULTIPLIER:  0-5 


EPC 

EPC 

MAX 

MAX 

ARTTH 

4 

CHEMICAL 

HUS 

TOTAL 

value 

HIT 

MEAN 

EPC 

BCv 

^^EGEI1C 

I 

Ace  naphthene 

0 

4 

21E4J1 

ERR 

6.7E-02 

O.OE+OO 

3.9E4J2 

OOE+OO 

2 

Acenaphthylene 

2 

4 

+  + 

+  + 

+  + 

O.OE+OO 

4.  IE-02 

O.OE+OO 

3 

AJdnn 

0 

6 

L5E-01 

ERR 

15E-02 

O.OE+OO 

3.1E432 

O.OE+OO 

4 

Alpha-Chlordane 

1 

2 

5.0E-01 

1.3E-01 

3.2E-01 

L3E-01 

8.5E412 

UE-02 

5 

Alpha-Endosulfan 

0 

5 

S.OE-02 

ERR 

LOE-02 

0.0E+00 

3.4E-02 

O.OE+OO 

6 

Anthracene 

0 

4 

£6E41 

ERR 

33E-01 

O.OE+OO 

5.1E-02 

U.OE+00 

7 

Benzene 

0 

4 

50E-02 

ERR 

3.8E-02 

Q.OE+OO 

4.0E-02 

n.oE+oo 

8 

Benin  (a)  anthracene 

4 

4 

6.3ETI1 

6.3E-0J 

3.7E4J1 

3.7E-01 

9.0E-02 

3.3E-02 

9 

Benzo  (a)  pyrene 

0 

4 

6.0E-01 

ERR 

5.GE431 

O.OE+OO 

UE-01 

O.OE+OO 

to 

Benzo  (b)  fluoranthene 

2 

4 

9.9E-01 

9.9E-01 

5.0E-01 

5.0E-01 

1.  IE-01 

5.7E4J2 

11 

Benzo  (&iu)  perykne 

2 

4 

1-3E+0G 

1.3E+00 

5.0E-01 

5.0E-01 

1.9E-01 

9.4EOZ 

13 

Benzo  (k)  fluoranthene 

2 

4 

7.7E-01 

7.7E4H 

4.6E-01 

4.6E-01 

1.7E-Q1 

7.7E-02 

13 

BeLa-Eodoflulfan 

1 

5 

1.2E+00 

3-3E-03 

7.4E-01 

33E-03 

3.4EX12 

1.1E-04 

14 

Boron 

0 

0 

ERR 

ERR 

ERR 

- 

1.8E4J1 

(.0E+00 

15 

Cadmium  (food  toil) 

0 

5 

6.0E-Q1 

ERR 

5.2E-01 

O.OE+OO 

13E-02 

(0E+00 

16 

Cadmium  (veiler) 

0 

0 

ERR 

ERR 

ERR 

- 

NA 

NA 

17 

ChLondane 

4 

s 

3.3E4J1 

3.3E-01 

L7E0I 

1.7E-03 

8.5E-02 

1.4B4K2 

18 

Chromium 

5 

5 

+  + 

+  + 

+  + 

OGE+OO 

3.9E-04 

t.OE+00 

19 

Chrysene 

3 

4 

3.3E-01 

3.3E-01 

2.BE-01 

28&4U 

9.QE-02 

15E-02 

20 

Cyanide 

0 

4 

25E+00 

ERR 

7.2E-01 

O.OE+OO 

NA 

NA 

21 

DDD 

3 

6 

9.0E-02 

3.1E-02 

26E-02 

26E4J2 

9.7&02 

2.5E-03 

22 

DDE 

4 

6 

21E4JI 

Z1E-01 

83E4E 

83E-02 

9.IE-02 

7.6E-03 

23 

DDT 

2 

5 

LIE -01 

L7E-01 

90E-O2 

9.0E42 

13E-01 

1.2E-02 

24 

Dibenz  <a,b)  anlhracene 

a 

4 

1.6E-01 

ERR 

1.4E4J1 

O.OE+OO 

1.7E-01 

C.OE+00 

25 

Dieldnn 

i 

5 

1JE-01 

2.7E-02 

5.2E-02 

27E-02 

5.2E-02 

L4E-03 

26 

Dimeihylbeiiiene,  1>  / 

0 

4 

L2E-01 

ERR 

S.7E-02 

0.0E+00 

3.1E-02 

C.OE+OO 

27 

Eadrin 

2 

6 

1  IE-01 

4.7E-02 

4.6E-02 

4.4E-02 

5.2E4)2 

Z4E-03 

28 

Fluoranthene 

4 

4 

L2E+0G 

L2E+00 

7.8E-01 

7.8E-01 

63E-02 

4.9E-02 

29 

Fluoreue 

0 

4 

1.7E-0I 

ERR 

6.6E-02 

O.OE+OO 

4.2E-02 

O.OE+OO 

30 

Guxuna-Chlordane 

0 

1 

10E-03 

ERR 

10E-03 

0.0E+00 

&5E-02 

O.OE+OO 

31 

Gamma-Hexachloiocycl 

0 

6 

2.2E-01 

ERR 

3.7E412 

0.0E+00 

4.3E4I2 

OOE+OO 

32 

Heptachlor 

1 

6 

L4E-01 

3.1E-03 

14E4J2 

3,  IE-03 

4.5E-02 

1.4E-04 

33 

Heptachlor  epoxide 

4 

6 

1.8E-01 

3.7E-02 

3.5E-D2 

1.7E-02 

7.9E-02 

13E-03 

34 

Indeno  (1,2,3-cd)  pyrene 

0 

4 

1-2E+00 

ERR 

9.3E-01 

O.OE+OO 

1.4E-01 

O.OE+OO 

35 

Lead 

5 

S 

7.SE+01 

7.5E+01 

68E+01 

6.8E+01 

1.0E-03 

6.8E-02 

36 

Mercury 

2 

5 

3.4E-01 

3.4E-01 

11E-01 

LlEM 

L2E-02 

L3E-03 

37 

Naphthalene 

0 

4 

3.7E-01 

ERR 

33E01 

O.OE+OO 

3.2E-02 

OOE+OO 

38 

Nickel 

S 

5 

5.IE+01 

5TE+01 

1SE+01 

28E+01 

4.9E-03 

1.4&01 

39 

Nitrate 

0 

0 

ERR 

ERR 

ERR 

- 

2.5E+00 

OOE+OO 

40 

Nitrite 

0 

0 

ERR 

ERR 

ERR 

- 

2.5E+00 

OOE+OO 

41 

PCB1260 

2 

5 

5.7E-01 

5.7E-01 

l.SE-01 

L5E-01 

1JEM 

27E4J2 

42 

Phenanthrene 

3 

4 

8.7E-01 

B.7E-0I 

5JE01 

53E4J1 

5.2E-02 

17E412 

43 

Pyrene 

4 

4 

UE+00 

1.3E+00 

9.2E-01 

9.2E-01 

6.0E-02 

S6E-02 

44 

Silver 

1 

5 

4.QE-01 

4.5E-02 

3.3E4J1 

4.5E-02 

1.0E-02 

4.7E-04 

45 

Sulfide 

0 

0 

ERR 

ERR 

ERR 

- 

L2E-0I 

OOE+OO 

46 

Tc  trachioroethenc 

0 

4 

8.0E-02 

ERR 

6.0E-02 

O.OE+OO 

3.3E-02 

OOE+OO 

47 

Tetrazenc 

0 

0 

ERR 

ERR 

ERR 

* 

NA 

NA 

48 

Toluene 

0 

4 

5.0E-02 

ERR 

3.9E-02 

0.0E+00 

3TE-02 

OOE+OO 

49 

i 

1 

H 

0 

4 

1.2E-01 

ERR 

8.7E4J2 

0.0E+00 

3.4Er02 

OOE+OO 

50 

Uranium 

0 

1 

5.9E-02 

ERR 

5.9E-02 

0.0E  +  00 

3.6E-04 

OOE+OO 

51 

Xylenes 

0 

3 

3.9E-01 

ERR 

3.9E-01 

0.0E+00 

3-1E-02 

OOE+OO 

0-8 


DATA  STATISTICS  DATE;  OS/18/93 

EXPOSURE  POINT:  ON-SITE  -  ZONE  1  FILEN'A  STT3I2Z1.W01 

MEDIUM:  SOIL  (M2*) 

UNITS;  MO/KG 
U  MULTIPLIER;  0.5 


EPC 

EPC 

MAX 

MAX 

ARJTH 

a 

CHEMICAL 

HTTS 

TOTAL 

value 

HIT 

MEAN 

EPC 

BCv 

VEGEPC 

1  Acenaphlhenc 

0 

6 

2.1E-01 

ERR 

5.  IE-02 

OOE+OO 

3.9502 

O.OE+OO 

2  Acenaphthylene 

2 

6 

+  + 

++ 

+  + 

O-OE+OO 

4. 1502 

OOE+OO 

3  Akirin 

0 

I 

l.SE-01 

ERR 

1-9502 

O.OE+OO 

1.1E-02 

OOE+OO 

4  Alpha -Chlordane 

1 

2 

5.0E-01 

1.3E-01 

L2E-01 

L3E-G1 

S.5E-02 

LIE-02 

5  Alpha- Endos  Lilian 

0 

7 

5.0E-02 

ERR 

7.6E-03 

O.OE+00 

3.4502 

O.OE+OO 

6  Anthracene 

0 

6 

3.6E-01 

ERR 

3.4E-Q1 

0.0E+00 

5.  IE-02 

O.OE+OO 

7  Benzene 

0 

6 

S.OE-02 

ERR 

4.2E-02 

O.OE+OO 

4.0502 

OOE+OO 

6  Benzo  (a)  anthracene 

6 

6 

6.3E-01 

G.3E-01 

3.2EO! 

3.254)1 

90EO2 

28E-Q2 

9  Benzo  (a)  pyrene 

0 

6 

6-0E-0I 

ERR 

53E-01 

O.OE+00 

1.1E-01 

O.OE+OO 

10  Benzo  fb)  fluoranthene 

2 

6 

9.9E-01 

9.9E-01 

3.9E-01 

3.9501 

l,  IE-01 

4.4E-02 

1 1  Benzo  (gJw)  perylene 

2 

6 

L3E+0O 

L3E+00 

3.6501 

3.6501 

1.9E-01 

6.9E-02 

12  Benzo  (kl  fluoranthene 

2 

6 

7.7E-01 

7.7E-01 

33E-0I 

33501 

L7E-01 

55E-02 

13  Beu-Endcnulian 

I 

7 

I.2E+00 

33E48 

5.3E-01 

33503 

3.4E-02 

LIE-04 

14  Boron 

0 

0 

ERR 

ERR 

ERR 

- 

1*501 

OOE+OO 

15  Cadmium  (food,  soil) 

0 

7 

6.0&O1 

ERR 

5.5E411 

O.OE+OO 

15E-Q2 

O.OE+OO 

16  Cadmium  (water) 

0 

0 

ERR 

ERR 

ERR 

- 

NA 

NA 

17  CbJordane 

4 

7 

33E-01 

3.3E-01 

0501 

13501 

S.5E-02 

I.1E-02 

IS  Chromium 

7 

7 

+  + 

+  + 

+  + 

O.OE+OQ 

19504 

O.OE+OO 

19  Chrysene 

5 

6 

33E4)1 

33501 

24E-01 

24501 

9.0E-02 

11502 

20  Cyanide 

0 

6 

L5E+00 

ERR 

53E-01 

O.OE+OO 

NA 

NA 

21  ODD 

3 

t 

9.054)2 

3.1E02 

20E-02 

20EO2 

9.7502 

1.95-03 

22  DDE 

4 

S 

2.1E-01 

21E-01 

6.2E-02 

6.2E-02 

9.IE-02 

S.7E-03 

23  DDT 

2 

7 

LIE-01 

L7E-01 

65E-02 

6.5E-02 

13501 

6,4503 

24  Dfbenz  <a*h)  anthracene 

0 

6 

L6E-01 

ERR 

L5E-01 

O.OE  +  OO 

1.7E-01 

O.OE+OO 

25  Dieldnn 

1 

7 

1.5E-01 

27E-02 

3.7E-02 

27E-02 

5.2E-02 

I4E-03 

26  Dimethylbenzenc,  1 J- 1 

0 

6 

L2E-01 

ERR 

9.6502 

OOE+OO 

31502 

O.OE+OO 

27  Eodrin 

2 

8 

2  IE-0 1 

4.7E02 

3-5502 

3.5502 

5.2E-02 

l.SE-03 

2*  Fluoranthene 

6 

4 

1.2JE  +  0Q 

L2E+00 

6.3E-01 

63501 

6.3E-02 

3.9502 

29  Fluorene 

0 

6 

tmm 

ERR 

55E-02 

O.OE+OO 

4.2E-02 

O.OE+OO 

30  Gimma-ChJordznc 

0 

1 

2.0E-03 

ERR 

2.0503 

O.OE+OO 

S.5E-02 

OOE+OO 

11  Gamma-Hoachlorocycl 

0 

t 

2-2E-01 

ERR 

2SE02 

O.OE+OO 

43502 

OOE+OO 

12  HeptachJor 

3 

S 

L4E-01 

3  IE-03 

1.9E-02 

1.  IE-03 

4.5502 

1.4E-04 

33  HeptachJor  epoxide 

4 

8 

LSE41 

1,7E-G2 

27E-02 

1.7502 

7,9502 

1.3E-01 

34  Indeoo  (L23-cd)  pyrene 

0 

6 

1.2E+QG 

ERR 

1.0E+QG 

O.OE+OO 

1.4EOI 

O.OE+OO 

35  Lead 

7 

7 

7.5E+0I 

7.5E+01 

6-4E+0I 

6.4E+01 

1.0E-O3 

6.JE-02 

36  Mercury 

3 

7 

3.4501 

3.4501 

9.6E-02 

9.6502 

2.2E-02 

23E-03 

37  Naphthalene 

0 

6 

3.7E-01 

ERR 

3.4E-01 

O.OE+OO 

3.2E-02 

O.OE+OO 

36  Nickel 

7 

7 

5.IE+01 

S.1E+01 

24E+01 

24E+G1 

4.9503 

1.2E-01 

39  Nitrate 

0 

0 

ERR 

ERR 

ERR 

*- 

25E+00 

O.OE+OO 

40  Nitrile 

0 

€ 

ERR 

ERR 

ERR 

- 

2JE+00 

O.OE+OO 

41  PCB1260 

2 

7 

5.7E-01 

5.7E-01 

12E-0I 

1.2E-01 

1.7501 

ZQE-02 

42  Phenanthrene 

S 

6 

6.7501 

S.7E-01 

4.5E-01 

4.5E01 

53E02 

24E-02 

41  Pyrene 

6 

6 

13E+0Q 

UE+00 

7.5E-01 

75E-0I 

6.0502 

4,55-02 

44  Silver 

1 

7 

4.0501 

+5E-02 

33EOI 

43502 

1.0E-02 

4.7504 

45  Sulfide 

0 

0 

ERR 

ERR 

ERR 

* 

1.2EO! 

O.OE+OO 

46  TetrachJoroeihene 

0 

6 

S.0E-02 

ERR 

6.7E-02 

O.OE+OO 

3.3E02 

O.OE+OO 

47  Tecrazene 

0 

0 

ERR 

ERR 

ERR 

- 

NA 

NA 

46  Toluene 

0 

6 

50E-02 

ERR 

4.2E-02 

O.OE+OO 

11E-02 

O.OE+OO 

49  Trichloroethylene 

0 

6 

1.2501 

ERR 

9.6E-02 

O.OE+OO 

L4E-02 

OOE+OO 

50  Uranium 

o 

1 

5.9E-02 

ERR 

5.9E-C2 

O.OE+OO 

1.6E-04 

O.OE+OO 

51  Xylenes 

0 

5 

3.9E-01 

ERR 

3.9E-G1 

O.OE+OO 

3.1E02 

O.OE+OO 

EXPOSURE  POINT:  ON-SITE  ZONE  2 
MEDIUM:  SOILS  (0-2') 
UNTT^:  MG/KG 
U  MULTIPLIER:  0,5 


EPC 

EPC 

CHEMICAL 

HTTS 

TOTAL 

1 

Acenapbtheue 

13 

27 

2  Acenaphthylene 

10 

27 

3 

AJdno 

1 

34 

4 

Alpka-Chlorduat 

6 

6 

5 

Alp  ha-  Endosulf  an 

2 

31 

6 

Anthracene 

4 

27 

7 

Benzene 

1 

25 

* 

Benzo  <a)  anthracene 

24 

27 

9 

Benao  fa)  pyrene 

7 

27 

10 

Benzo  (b)  fluoran  theae 

13 

27 

11 

Benzo  perylene 

14 

27 

12 

Benzo  (k)  fluoranthene 

15 

27 

n 

Beta-  Ende*  ulf  an 

12 

30 

14 

Boma 

0 

2 

15 

Cadmium  (food  soil) 

7 

42 

16 

Cadmium  (water) 

0 

0 

17 

Ghlordane 

13 

32 

U 

Chromium 

42 

42 

19 

Chrysene 

19 

27 

20 

Cyanide 

3 

23 

21 

ODD 

1? 

34 

22 

DDE 

11 

34 

23 

DDT 

15 

32 

24 

Dibenz  (a*h)  anthracene 

6 

27 

25 

Dicldno 

10 

29 

26 

Dimethyibeuzcoe,  1*3-  / 

0 

23 

77 

F  imH  rrn 

9 

32 

U 

Fluoranthene 

23 

27 

29 

Fluorenc 

11 

27 

30 

f  t  a  mma-Ch  Iordan  t 

6 

6 

31 

Gamma-Hexachlorocyct 

5 

34 

32 

HepiachJor 

5 

34 

33 

HeptaehJor  eponde 

13 

34 

34 

Indeno  <LZ3~cd)  pyrene 

5 

27 

35 

Lead 

33 

39 

36 

Mercury 

29 

37 

37 

Naphthalene 

0 

27 

3* 

Nickel 

42 

42 

39 

Nitrate 

0 

0 

40 

Nitrite,  nitrate  -  nonspec 

2 

2 

41 

PCR  1260 

7 

36 

42 

Pbenanihrcoe 

23 

27 

43 

Pyrene 

26 

27 

44 

Silver 

5 

38 

45 

Sulfide 

1 

1 

46 

Tetranfaloroethene 

1 

25 

47 

Tetrazene 

0 

0 

41 

Toluene 

1 

25 

49 

T  richloroethylene 

0 

25 

50 

Uranium 

0 

4 

51 

Xylenes 

0 

19 

DATA  STATISTICS  DATE: 

FILENA 


MAX 

MAX 

ARJTH 

VALUE 

HIT 

MEAN 

EPC 

ZlE+00 

S.lE-01 

3.2E-01 

3.2E-01 

4  + 

+  + 

+  + 

G.GE+0Q 

6.5E-01 

SlE-02 

I.2E-01 

5.1E4J2 

L5E+0G 

UE+G0 

3SE-01 

1IE01 

5.0E4M 

6.0E-03 

6.2E-02 

6.OE03 

3.4E+00 

3.4E+00 

a.6B4)l 

I.6E01 

2.6E-01 

26E-01 

4.7E-02 

4.7E-02 

1.2E+01 

1.2E+01 

UE+00 

L7E+00 

UE+01 

UE+01 

UE+00 

UE+00 

L2E+01 

UE+01 

1.9E+00 

1.9E+00 

s.ie+oo 

I.IE+DO 

L7E+00 

UE+00 

I.6E+0Q 

I.6E+0Q 

1.7E+00 

1.7E+00 

1.2E+00 

4.7E-02 

5JE-01 

4.7E02 

3.7E+00 

ERE 

3.7E+00 

O.OE+OO 

L0E+01 

1  Of.  +  01 

9.7E-01 

9.7E-01 

ERE 

ERR 

ERR 

- 

9.4E+00 

9.4E+00 

&.3E41 

I.3E4J1 

+  + 

+  + 

+  + 

O.OE+OO 

6.6E+00 

6.6E+00 

I.2E+0O 

1.2E+00 

Z5E+0G 

ZlE+00 

6.7E-01 

6.7E-D1 

3.5E+0Q 

3.5E+00 

L.2R4J1 

1.2E-Q1 

19E+00 

5.9E+00 

Z2E-01 

22E-01 

ZlE+00 

L2E+00 

Z7E-01 

Z7E-0I 

L7E+00 

L7E+00 

3.SE-01 

UE-01 

4.QE+Q0 

4.0E+00 

LIE-01 

1.IE-01 

L2E-01 

ERR 

9.$ErQ2 

O.OE+OO 

6.5E-01 

UErOl 

1.6E-01 

16E-01 

6.ZE+0G 

6.2E+00 

UE+00 

Z1E+0Q 

+  + 

+  + 

+  + 

0.0E+00 

1.6E+00 

L6E+0Q 

40E-01 

4.0E-01 

50E-02 

L3E-02 

L3E-Q2 

1.3E-02 

1.2E-01 

5.2E-02 

Z9E-G2 

29E-02 

S.7E-01 

8,7E«01 

9.2E-G2 

9.2E-02 

1.4E+01 

1.4E+01 

2.3E+00 

Z3E+00 

7.2E+Q3 

7.2E+03 

3.9E+02 

3.9E+02 

4JE+00 

4  5E+00 

XIE-01 

2-IE-01 

ZlE+00 

ERR 

4.9E-01 

O.OE+OO 

2.7E+02 

27E+02 

3.4E  +01 

3.4E+01 

ERR 

ERR 

ERR 

- 

6.  IE +00 

6.1E+00 

5.3E+00 

SJE+00 

4.5E+D0 

4.5E+00 

3.0E-0} 

3.0E-01 

L5E+01 

L5E+01 

27E+00 

27E+00 

L1E+01 

UE+01 

27E+0G 

27E+0Q 

L4E+0I 

L4E+01 

7/7E-01 

7.7E4H 

ZSE+02 

2SE+02 

LIE +02 

2  tE +02 

I.OE-02 

20E-03 

6.1E-02 

2.0E-03 

ERR 

ERR 

ERR 

- 

X1E-CI 

ZlE-Ql 

4.5E-02 

4.SEr02 

L2E-01 

ERR 

8.8E4TX 

0.0E+00 

5.SE-02 

ERR 

5.6E-02 

0.0E+00 

3.9E4J1 

ERR 

3.9E-01 

0.0E+00 

osn&m 

STTS-2Z2.WQ1 
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data  statistics 


DATE;  OSrt*/W 
FILENA  STTS-2Z3.WQ1 


EXPOSURE  POINT;  ON-SITE  ■  ZONE  3 
MEDIUM;  SOILS  (0-2’) 
UNITS:  MG/XG 
U  MULTIPLIER;  0.5 


EPC 

EPC 

MAX 

MAX 

ARTTH 

CHEMICAL 

HITS 

TOTAL 

VALUE 

HTT 

MEAN 

EPC 

]  Accn&pbthetie 

5 

S 

L4E+00 

1.4E4Q0 

3.6E-01 

3.6B-01 

2  Acenaphthylene 

5 

S 

44 

+  4 

44 

C.OE400 

3  AJdnu 

2 

11 

7.3E-03 

7.3E-03 

L9E-03 

L9E43 

4  Alpha-Chi  online 

3 

3 

6.6E-02 

46E-02 

2.JE-02 

25E*02 

5  Alpha-Endosulfan 

1 

« 

3JE-02 

3.3E-02 

5.7E-03 

L7E-03 

6  Anthracene 

3 

S 

LSE+QO 

ZSE400 

LIE+OO 

1TE400 

7  Benzene 

0 

S 

5.0E4K 

ERR 

5.0E-02 

0.0E4O0 

3  Benxo  (a)  anthracene 

7 

s 

7.4E+00 

7.4E40O 

2.2E400 

12E400 

9  Bcnzo  (a)  pyrene 

1 

$ 

S.1E+00 

S.1E40O 

L6E400 

26E400 

10  Benzo  (b)  Fluoranthene 

7 

s 

7.7E+0Q 

7.7E400 

10E400 

3.0E400 

11  Bcnzo  (fph^i)  peryiene 

5 

s 

7JE+00 

7.2E40Q 

1.9E400 

L9E400 

12  Bcnzo  (k)  fluoranthene 

6 

* 

5.6E+00 

16E400 

23E400 

Z3E4  00 

13  Beta-EndMiiifan 

5 

9 

1.2E+0O 

1-3E-0I 

ZSE41 

1.3E-01 

14  Boron 

0 

0 

ERR 

ERR 

ERR 

- 

15  Cadmium  (food,  toil) 

2 

10 

L3E+0I 

13E401 

ZSE+OG 

ZSE400 

16  Carimitim  (water) 

0 

0 

ERR 

ERR 

ERR 

- 

17  Chlordanc 

4 

9 

LSE+W 

1JE+0O 

5.2E-01 

5.2E*1 

IS  Chromium 

10 

10 

44 

44 

44 

0.0E4OO 

19  Chrysene 

7 

S 

&9E+00 

6.9E+Q0 

Z3E400 

13E400 

20  Cyanide 

0 

7 

UE41 

ERR 

1JE-01 

0.0E4O0 

21  DDD 

5 

12 

L0E-O1 

20E-01 

Z9E-02 

Z9E4J2 

22  DDE 

5 

12 

L1E01 

3- IE-01 

4.0E-02 

4.0E-02 

23  DDT 

5 

9 

I2E-01 

8.2E-01 

L4B-01 

1.4E01 

24  Dfcenz  (ah)  anthracene 

2 

8 

lvlE-01 

1I&01 

29E-01 

Z9E-01 

25  Dieidnn 

5 

11 

65E42 

6.5E-02 

ZOE-02 

10E-02 

26  Dinaethylhenzeiie,  1*3-/ 

0 

8 

1.2E-01 

ERR 

l.ZE-01 

0.0E400 

71  Endnxi 

3 

12 

6JB01 

S,7E-02 

7-5E4F2 

7JE-02 

2S  Fluoranthene 

S 

S 

6JE+00 

<L5E400 

3.0E400 

3.0E400 

29  Fluoreoe 

4 

s 

44 

44 

44 

0.OE4O0 

30  Gamma-Chlordane 

0 

3 

ZGE-03 

ERR 

20E-03 

0.0E400 

31  Oaiama-Heiichkjrocyd 

2 

12 

f.OE-02 

3J2E4E 

S.SE-03 

SJE-03 

32  Heptachlor 

4 

12 

1.4E-02 

L4E-02 

45E-03 

4.5E4J3 

33  Heptachlor  epoxide 

6 

11 

4.4E-02 

4.4E-Q2 

12E-02 

L2E-02 

34  lwkr»{U^-«f)  pyrene 

2 

S 

L1E+01 

L1E403 

29E+0Q 

19E400 

35  Lead 

10 

10 

&.6E+02 

S.6E402 

29E+02 

Z9E402 

36  Mercury 

7 

10 

1.0E+00 

1.OE40O 

3JE41 

L5E4J1 

37  Naphthalene 

1 

s 

5.1E+00 

5.1E+00 

9.6E-01 

9.6E-01 

3S  Nickel 

10 

10 

7.4E+02 

7.4E402 

9.9E401 

9.9E401 

39  Nitrate 

o 

0 

ERR 

ERR 

ERR 

- 

40  Nitrite 

0 

0 

ERR 

ERR 

ERR 

- 

41  PCS  1260 

3 

13 

5.9E-01 

5.9E-01 

L4E01 

L4E411 

42  Pbeuanthreoe 

s 

8 

1.1E+01 

LIE  4  01 

4.3E400 

4.3E400 

43  Pyrene 

I 

S 

7JE+00 

7JE400 

3.SE400 

3.SE400 

44  Silver 

I 

10 

3.9E+01 

3.9E401 

4.3E400 

4.3E+00 

45  Sulfide 

2 

2 

1JE+02 

UE402 

LIE  4  02 

L1E+02 

46  TetrechJoroctbcne 

0 

S 

S.OE-02 

ERR 

ZOE-02 

Q.OE+GO 

47  Tetrazene 

0 

2 

<UE4)1 

ERR 

6.1E-01 

0.0E400 

4*  Toluene 

0 

a 

S.0E-02 

ERR 

5.0E-O2 

0.0E400 

49  Trichloroethylene 

0 

s 

LIE-01 

ERR 

1.2E-01 

O.OE4QO 

50  Uranium 

0 

0 

ERR 

ERR 

ERR 

- 

51  Xylenes 

0 

s 

tmm 

ERR 

3.9E-01 

0.0E400 

an 


EXPOSURE  POINT: 

ON-SITE 

-  ZO  NE  4 

MEDIUM: 

UNITS: 

U  MULTIPLIER: 

SOILS  (0-2*) 

MG/KG 

0.5 

ETC  ETC 

CHEMICAL 

HITS 

total 

1 

Acenapbthera 

1 

10 

2 

Acenaphthylene 

1 

10 

3 

AJ  dnn 

1 

13 

4 

Aipbu'Chlordanff 

2 

2 

s 

Alpha-Endotulfan 

1 

12 

6 

Anthracene 

0 

10 

7 

Benzene 

0 

7 

3 

Benzo  (a)  anthracene 

7 

10 

9 

Benzo  (a)  pyrene 

1 

10 

10 

Benzo  (b)  fluoranthene 

4 

10 

11 

Benzo  (£h*i)  perylene 

4 

10 

12 

Benzo  ( t)  fluoranthene 

4 

to 

13 

Beta-Endot  Lilian 

1 

12 

14 

Boron 

1 

1 

IS 

Cadmium  ( food,  soil) 

2 

14 

16 

Cadmium  (water) 

0 

0 

17 

Cfcdordane 

7 

13 

IS 

Chromium 

14 

14 

19 

Chrysene 

6 

10 

20 

Cyanide 

1 

7 

21 

DDD 

7 

13 

n 

DDE 

12 

13 

23 

DDT 

ft 

13 

24 

Dibeaz  (a,b  \  anthracene 

0 

10 

25 

DiekLnn 

5 

11 

26 

Dime  thy  Ibenzene.  1,3-  / 

0 

7 

27 

Rjutnn 

6 

13 

28 

Fluoranthene 

9 

10 

» 

Fluorene 

0 

10 

30 

Gajnsut-ChJoniane 

2 

2 

31 

Gamma- HemchJorocyd 

0 

13 

32 

Heptachior 

0 

13 

3j 

Heptachior  epoxide 

7 

13 

34 

Indeno  (L2>cd)  pyrene 

1 

10 

35 

Lead 

13 

13 

36 

Mercury 

12 

14 

37 

Naphthalene 

0 

10 

38 

Nickel 

14 

14 

39 

Nitrate 

0 

0 

40 

Nitnte.  nitrate  -  no  rupee 

2 

2 

4] 

PCB126C 

2 

14 

42 

Pbeuinlhreue 

7 

10 

43 

Pyrene 

10 

10 

44 

Silver 

1 

14 

4i 

Sulfide 

2 

2 

46 

TctrachJoroethene 

0 

7 

47 

Tetrazene 

0 

0 

43 

Toluene 

0 

7 

49 

Trichloroethylene 

0 

7 

50 

Uranium 

0 

2 

51 

Xylenes 

0 

5 

DATA  STATISTICS  DATE; 

FTLENA 


MAX 

MAX 

ARITH 

VALUE 

HTT 

MEAN 

EPC 

2.1B-01 

1.7E-01 

7.2E-02 

7.2E'02 

+  + 

+  + 

+  + 

O.OE+OO 

6.SE4U 

7.6E-03 

L5E-01 

7.6E-03 

3.2E-02 

3.2E-02 

Z9&C2 

2.9E-02 

ZOE-Ol 

6.SE-03 

7.6E-02 

6.8E-03 

3.6E-01 

ERR 

3.4E-01 

O.OE+OO 

5.0E-02 

ERR 

3.6&-02 

O.OE+OO 

7.9E-01 

7.9E-01 

3.6E-01 

3.6E-01 

UE-01 

S.3E-01 

St&Gl 

5.8E4)  1 

LSE+00 

UE+00 

5.8E-01 

5.SE-0) 

UE+00 

UE+00 

4.4E-01 

4AE-01 

13E+00 

UE+00 

5.1E-0I 

5.IE4J1 

L2E+00 

6.3E-03 

6.2E-01 

6.3E-03 

1.1E+01 

LIE +01 

1.1E+01 

1.1E+01 

3.5E+00 

3.5E+00 

7.9E-01 

79E-01 

ERR 

ERR 

ERR 

* 

11E+0Q 

5.1E+00 

L5E+00 

L5E+00 

+  + 

+  + 

+  + 

0.0E+00 

22E+00 

22E+00 

6.9E4JI 

6.9E-01 

Z5E+00 

3.2E-01 

S.3E-01 

3ZE4>1 

8.2B01 

8.2E-01 

1.9E4J1 

1.9E-01 

UE+00 

UE+00 

3.6E-01 

3.6E-01 

5JE+QQ 

5JE+0Q 

9.4E-01 

9.4E-01 

1.6E-Q1 

ERR 

1.4E-01 

O.OE+OO 

7.5E412 

7.5E-02 

3.5E-02 

3-5E-02 

1.2E-01 

ERR 

8.3E-02 

O.OE+OO 

6.5E-01 

5.0E-01 

3.&E-01 

3.8E-01 

L2E  +  00 

L2E+00 

6.4E-01 

6.4E-G1 

1.7E-01 

ERR 

5.9E-02 

O.OE+OO 

4.2E-02 

4.2E-02 

3.2E-02 

3.2E-02 

5.0E4J2 

ERR 

t.TE-02 

O.OE+OO 

L2E-01 

ERR 

Z9E-02 

O.OE+OO 

24E-01 

L2E-01 

$  8E-02 

S.SE-02 

L2E+00 

12E-QI 

1.0E+00 

3.2E-01 

12E+02 

5.2E+02 

Z5E+02 

2.SE+02 

5.7E-01 

5.7E4H 

24E-01 

2.4E-0I 

3.7E-G1 

ERR 

3.4E-01 

O.OE+OO 

5.2E+01 

5.2E+0I 

21E+G1 

2.IE+01 

ERR 

ERR 

ERR 

- 

6.3E+0Q 

6.3E+00 

5.7E+00 

5.7E+00 

4.9E+00 

4.9E+00 

6.1E-01 

6.1E-01 

2.2E+00 

2-2E+00 

6.0E-0I 

6.0E-01 

L7E+00 

L7E+00 

9.7E*Ol 

9.7&01 

4.0E-01 

5,5E^Q2 

35E-01 

5.5E+J2 

Z7E+02 

17E+02 

Z6E+02 

26E+02 

I.OE-02 

ERR 

5  7E-02 

0.0E+00 

ERR 

ERR 

ERR 

5.0E-02 

ERR 

3.7E-02 

O.OE+OO 

1.2E-01 

ERR 

8.3E-02 

O.OE+OO 

5.9E4& 

ERR 

5.9E-02 

O.OE+OO 

3.9E-Q1 

ERR 

3.9E-01 

O.OE+OO 

08/ 18/93 
STTS-2Z4.ViQl 
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EXPOSURE  POINT:  ON-SITE  -  ZONE  4 
MEDIUM:  SOILS 
UNITS:  MG/XG 
U  MULTIPLIER:  OJ 


DATA  STATISTICS 


DATE:  OmWl 
FTLENA  OTSI2Z4.WQ1 


EPC 

EPC 

MAX 

MAX 

ARITH 

CHEMICAL 

hhs 

TOTAL 

value 

HIT 

MEAN 

EPC 

BCv 

VE5EPC 

1  Act  naphthene 

2 

17 

6.3E+C0 

6.3E400 

4.3E-01 

43E4J1 

3.9E-02 

L7E4J2 

2  Acenaphthylene 

I 

17 

44 

+  + 

+  4 

0.0E+00 

4.  IE-02 

OOE+OO 

3  Ajdrin 

1 

20 

6.5E4J1 

X6E-03 

LOE-OI 

Z6E-G3 

3.1E-02 

2JE-04 

4  Alpha-Chlordane 

2 

2 

3.2E-02 

yiBm 

L9E-G2 

29E-02 

S.5S02 

25E-03 

5  Alpha  •Endojuifan 

2 

17 

2.QE-0J 

&.SE-03 

5.4E-02 

3 

3.4E412 

13E434 

6  Anthracene 

2 

17 

L4E+01 

L4E+01 

L1E+O0 

1.1E400 

51E-02 

54E432 

7  Benzene 

0 

17 

5  OE-02 

ERR 

3.0E*2 

0,0E400 

4.0E-O2 

0.0E40O 

4  Bcn2o  (a)  anthracene 

9 

17 

93E+00 

9.3E+00 

7.3E-01 

Z«E-01 

90E-O2 

7.0EO2 

9  Benzo  (a)  pyrene 

2 

17 

7.1E+00 

7.1E+00 

9.4E-01 

9,4E-Ql 

LlE-01 

1.1E4J1 

10  Benzo  (b)  fluoranthene 

5 

17 

4.5E+00 

4.5E+00 

6.6E-01 

6.6E-01 

LIE-01 

7.JE-02 

11  Benzo  peryicnc 

5 

17 

44E+00 

44E4-00 

L6E-01 

5.6E-01 

L9E-0I 

LlE-01 

12  Benzo  <k)  fluoranthene 

5 

17 

45E+00 

4.5E+00 

5.9E4J1 

SOE-Ol 

L7E-01 

9.9E-02 

13  Beta-Endottilfan 

2 

17 

l^E+00 

6JE-03 

4.4E-0I 

6.3E-03 

3.4E4J2 

21E-04 

14  Boron 

1 

1 

LIE  401 

L1E4Q1 

1.1E401 

LIE  4  01 

i.aE-oi 

1.9E400 

IS  C arlrmmn  (food  roil) 

2 

24 

3JE+00 

3.5E+00 

d9E41 

6.9E-01 

is£m 

UE-02 

16  Cadmium  (water) 

0 

0 

ERR 

ERR 

ERR 

- 

NA 

NA 

U  Chlordane 

9 

20 

5.IE+00 

5.1E+00 

9.9E-01 

9.9E-01 

S-5E-02 

S.4E-02 

IS  Chromium 

24 

24 

44 

+  4 

44 

0.0E400 

3.9E-04 

O.DE+00 

19  Ouyrnw 

9 

17 

9JE400 

9.3E+00 

9.9E-01 

9$Bm 

9.0E-02 

8.9E4I2 

20  Cyanide 

1 

13 

2JE+03 

3.2E-01 

LIE 4 02 

3.2E-01 

NA 

NA 

21  ODD 

S 

20 

*,2E4>1 

a.ZE-01 

L2E-01 

L2E4I1 

9.7E-02 

L2E40 

22  DDE 

13 

20 

13E400 

L3E4D0 

L4B4J1 

Z4E-01 

9TS02 

22E-02 

23  DDT 

10 

20 

5^E+00 

5JE+00 

6.2E-01 

6.2E-01 

U&Ol 

S.0E-02 

24  Dtbenz  (ajt)  anthracene 

1 

17 

tmm 

1.4E+O0 

2v3E-0l 

2.3E-01 

1.7E-0I 

3SE02 

25  DieWnn 

6 

la 

7.5E412 

7.5E-02 

Z2E-02 

L2E-02 

5JE-02 

1J2E-03 

26  Dimethylbcnzene,  1.3- ! 

0 

12 

12E-01 

ERR 

9.6E4K 

O.OE+00 

11E412 

O.OE+OO 

27  Endrin 

a 

20 

7.9E-Q1 

7.9E4I 

3QE-01 

10E-01 

SJ&m 

l  5E-02 

2S  Fluoranthene 

13 

17 

20E+01 

L0E+01 

1.6E400 

UE400 

63E-02 

lOE-Ol 

29  Fluorine 

0 

15 

I.7E-01 

ERR 

5.GE-02 

00E400 

4.2E-02 

O.0E+00 

30  Gamma -Chiordane 

2 

2 

4.2E-02 

4.2E4T2 

3.2E-02 

3J2E-02 

a^E-02 

Z7Er03 

31  Gmmnu-Hcxadik>rocyd 

0 

20 

5.OE-02 

ERR 

13E42 

0.GE400 

4JE-02 

OOE+OO 

32  HeptathJor 

0 

20 

LZE-01 

ERR 

2OE-02 

OOE400 

45E-C2 

0.0E400 

33  HeplachJof  epondc 

a 

20 

24E-01 

L2E-01 

6.3E-02 

63E42 

7.9E4J2 

4.9E-Q3 

34  lndeuo  ( 1,2,3-cd)  pyrene 

l 

17 

IJE+00 

12E-01 

9,7E-01 

L2E411 

1.4E-01 

4.7E-02 

35  Lead 

17 

23 

5.2E+Q2 

5.2E+02 

1.7E402 

L7E+02 

1.0E-03 

L7E-01 

3*  Mercury 

U 

24 

5.7E-01 

5,7E-01 

L9E-0) 

L9E-01 

22E-02 

4lE-m 

37  Naphthalene 

1 

17 

4.0E+00 

4.0E+00 

5i E4)l 

55E-01 

3.2E-02 

L3E-02 

31  Niche] 

24 

24 

5JE+01 

5.2E+01 

L7E401 

L7E+01 

4.9E-03 

S-5E-02 

39  Nitrate 

0 

0 

ERR 

ERR 

ERR 

- 

2JE40O 

0,0E+00 

40  Nitrile,  nitrate  -  nonspec 

2 

2 

6  3E  +  00 

6.3E+00 

5JE+0Q 

17E400 

L5E+00 

L4E+01 

41  PCB1260 

2 

21 

4.9E+00 

4.9E+00 

44EOI 

44E-01 

1.7Er01 

7.4E-02 

42  PbeniBthrcse 

a 

17 

12E+00 

L2E+00 

4.6E-01 

4.6E-01 

5.2E-02 

14E-02 

43  Pyrene 

13 

17 

17E+01 

2.7E+01 

12E+00 

Z2E400 

6.0E-02 

L4E4J1 

44  Silver 

1 

24 

4.0E-D1 

5JE4 12 

3.6E-OJ 

5.5E-02 

3.0E02 

5.7E-04 

45  Sulfide 

2 

2 

Z7E+02 

17E+02 

Z6E+02 

16E402 

1.2E-01 

3.2E+01 

44  Tetrachloroetheoe 

0 

17 

&0E-C2 

ERR 

4.SE-02 

Q.0E400 

3JE412 

O.OE’fOO 

47  Tctrazene 

1 

2 

1.4E+00 

1.4E4GQ 

1.0E40O 

I.0E4O0 

NA 

NA 

4*  Toluene 

0 

17 

5.0E-O2 

ERR 

3TE-02 

0.0E400 

3.1E-02 

0.0E4Q0 

49  Trichloroethylene 

0 

17 

UZE-Ol 

ERR 

6.SE-02 

0.0E400 

3.4E432 

0.0E400 

50  Uranium 

0 

7 

4.4E+01 

ERR 

L7E401 

0.OE+OO 

L4E-04 

O.OE+OO 

51  Xylene 

0 

10 

3.9E-01 

ERR 

3.9E-01 

0.0E+00 

3.1E4Q 

00E+00 

0-13 


DATA  STATISTICS  DATE; 

EXPOSURE  POINT:  RIVERSIDE  PARK  FILENA 

MEDIUM:  SOU,  (0*2*) 

UNITS:  MG/KG 
U  MULTIPLIER:  0,5 


EPC 

EPC 

MAX 

MAX 

ARTTH 

CHEMICAL 

HITS 

TOTAL 

value 

HIT 

MEAN 

EPC 

1 

Acenaphthene 

3 

11 

ZlE+00 

3.6B01 

5.1E4J1 

3.6E4M 

2 

Acenaphthylene 

6 

11 

+  + 

+  + 

+  + 

0  0E+00 

3 

Aldan 

0 

n 

6.5E-01 

ERR 

6.2E-02 

O.OE+OO 

4 

Aipha-Cfalordane 

3 

5 

5.8E-02 

5.8E4J2 

1.6E-02 

1.6E-02 

5 

Alpha  -  Endo*  ulfan 

1 

11 

5.0E-01 

ZSE-03 

ME-01 

15E43 

6 

Anthracene 

3 

11 

1.5E+Q3 

2-5E+OI 

Z4E+00 

24E+00 

7 

Benzene 

0 

11 

ioe-02 

ERR 

Z8E-02 

O.GE+OC 

8 

Be  020  (a)  anthracene 

8 

11 

3.2E+01 

3.2E+01 

4.1E+00 

4.1E+00 

9 

Benzo  (a)  pyrene 

3 

11 

3.7E+01 

3/7E+01 

4.8E+00 

4.8E+0G 

30 

Be 020  (b)  fluoranthene 

5 

11 

L5E+01 

LSE+01 

ZSE+00 

Z5E+00 

11 

Benzo  (£h.i)  perylene 

6 

11 

1.4E+01 

1.4E+01 

Z5E+00 

ZSE+00 

12 

Benzo  (It)  fluoranthene 

7 

11 

Z4E+01 

Z4E+01 

3.7E+00 

3.7E+00 

13 

Beta-  Endos  ult  an 

L 

11 

L2E+0O 

1JE4J2 

5.4E-QI 

L3&Q2 

14 

Boron 

0 

1 

3.7E+00 

ERR 

3.7E+D0 

O.OE+OO 

IS 

Cadmium  (  food,  foil) 

0 

12 

6.0E-01 

ERR 

4.3E-01 

O.OE+OO 

16 

Cadmium  (water) 

0 

0 

ERR 

ERR 

ERR 

- 

17 

ChJortUne 

4 

11 

1.5E+01 

L7E+00 

LSE+QO 

L7E+0C 

18 

Chromium 

12 

12 

+  + 

+  + 

+  + 

O.OE+OO 

19 

Chrysene 

7 

H 

3.4E+01 

3.4E+01 

4ZE+00 

4.2E+00 

20 

Cyanide 

2 

11 

Z5E+00 

4.3E-01 

L3E+Q0 

4.3E-01 

21 

ODD 

3 

11 

L9E+Q0 

1.9E+00 

1.9E4M 

1.9E-01 

22 

DDE 

7 

n 

S.3E+0Q 

6.3E+00 

6.0&4I1 

6  0E-G1 

23 

DDT 

4 

n 

3.8E+00 

3.8E+00 

5.0E-01 

8,0E4)1 

24 

Dibem  (a»h)  anthracene 

2 

n 

3JE+0Q 

33E+00 

5.3E4H 

53E-C1 

25 

Dieldiin 

4 

n 

8.6E-02 

8.6E-02 

Z0E492 

10Er02 

26 

Dimetbylbeuzene,  13- 1 

0 

ii 

1.2E-C1 

ERR 

6  4E-02 

0.0E+00 

27 

En  drill 

1 

n 

6.5E-G1 

9  9E472 

1.9E4H 

9.9E-02 

28 

Fluoranthene 

8 

n 

5.4E+01 

5.4E+0I 

6.9E+00 

6.9E+00 

29 

Flnorene 

4 

ii 

+  + 

+  + 

+  + 

O.OE+OO 

30 

l 

| 

1 

s 

3.2E-02 

3.2E-02 

I0E-03 

8.0E413 

31 

Gamma-  Heiachlorocyc  1 

0 

n 

5.0E-02 

ERR 

L9E-02 

O.OE+OO 

32 

Heptachior 

0 

u 

1.2E-01 

ERR 

Z3E-02 

O.OE+OO 

33 

Heptachlor  eposde 

3 

ii 

10E-02 

3.0E-02 

6.7E-Q3 

6JE-03 

34 

indeno  ( 1 X  3-cd )  pyrene 

3 

u 

1.0E+01 

I.OE+01 

X7E+Q0 

27E+00 

35 

Lead 

10 

ii 

4.1E+02 

4.1E+02 

1.7E+02 

1.7E+02 

36 

Mercury 

2 

6 

1.0E-01 

1.0E-01 

3.7E4J2 

3.7E-02 

37 

Naphthalene 

0 

11 

ZlE+00 

ERR 

6.4E4)1 

O.GE+OC 

38 

Nickel 

12 

12 

4.1E+01 

4.IE+01 

Z3E+01 

Z3E+01 

39 

Nitrate 

0 

0 

ERR 

ERR 

ERR 

40 

Nitrite 

0 

a 

ERR 

ERR 

ERR 

- 

41 

PCB  1260 

1 

ii 

Z4E-01 

Z0E4U 

6.GR4K 

6.0E-02 

42 

Phenanlhiene 

7 

ii 

L7E+01 

L7E+01 

4.3E+00 

4.3E+00 

43 

Pyrene 

8 

ii 

5JE+01 

13E+01 

7.05  400 

ZOE+OQ 

44 

Silver 

0 

10 

40  E-0! 

ERR 

X1E-01 

O.OE+OO 

45 

Sulfide 

0 

a 

ERR 

ERR 

ERR 

- 

46 

TetrachJoroelhene 

0 

n 

8.0E-02 

ERR 

4.4E-Q2 

O.OE+OO 

47 

Tetrazene 

0 

0 

ERR 

ERR 

ERR 

— 

48 

Toluene 

0 

ii 

5.0E-02 

ERR 

Z9E412 

O.OE+OO 

49 

Trichloroethylene 

0 

ii 

1.2E4H 

ERR 

6.4E-02 

O.OE+OO 

SO 

Uranium 

1 

s 

15E-01 

L5E4J1 

7.7E-02 

7.TE-G2 

SI 

Xylenes 

0 

6 

3,954)1 

ERR 

3.9E-01 

O.OE+OO 

08/18/93 

PK  STATS  WOl 
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DATA  STATISTICS  DATE: 

EXPOSURE  POINT:  RIVER  FEJENA 

MEDIUM:  SEDIMENTS 
UNITS:  MG, ICG 
U  MULTIPLIER:  0.5 


EPC 

EPC 

MAX 

MAX 

ARITH 

CHEMICAL 

HITS 

TOTAL 

VALUE 

HIT 

MEAN 

EPC 

1 

Ace  naphthene 

3 

4 

7.2E-01 

T2E-01 

4.2E-01 

4.2EOI 

2 

Acenaphthylene 

3 

4 

25E+00 

L5E+00 

L4E+00 

1.4E+0O 

3 

AJdrin 

2 

4 

8-5E-02 

6.5E-02 

27B-02 

27E-02 

4 

Alpha -C  hlordinc 

0 

0 

ERR 

ERR 

ERR 

- 

5  Alpha- Endcttulf  an 

1 

4 

5.5E-02 

5.5E-02 

L4E-Q2 

L4E-02 

6 

Anthracene 

0 

4 

3.6E-01 

ERR 

3.6E01 

O.0E+0O 

7 

Benzene 

0 

4 

5.0E-02 

ERR 

5.0E-O2 

O.OE+OO 

S 

Benzo  (a)  anthracene 

4 

4 

9.0E+00 

9.QE+00 

5.2E+00 

52E+00 

9 

Benzo  (a)  pyrene 

0 

4 

6-OE-Ol 

ERR 

6.0E-O1 

C.0E+00 

10 

BetOO  (b)  fluoranthene 

4 

4 

I.0E+01 

LOE+01 

5-5E+00 

5.5E+00 

u 

Benzo  (g,h»i)  peryiene 

2 

4 

3.IE+0Q 

3.1E+00 

L2E+00 

L2E+00 

n 

Benzo  (fc)  fluoranthene 

4 

4 

9.9E+00 

9.9E+00 

6.1E+0O 

6.1E+0O 

13 

Beta-Endoaiilfan 

1 

4 

L5E-02 

1.5E-02 

4.1E4J3 

4.1E43 

14 

Boron 

0 

0 

ERR 

ERR 

ERR 

- 

15 

Cadmium  (food,  foil) 

4 

4 

UE+01 

l.SE+01 

1.1E+01 

1.1E+01 

16 

Cadmium  (water) 

0 

0 

ERR 

ERR 

ERR 

- 

17 

Chlordane 

0 

4 

3.4E-02 

ERR 

3.4E-02 

O.OE+00 

16 

Chromium 

4 

4 

l^E+02 

L5E+02 

13E+02 

1.3E+02 

19 

Chrysene 

4 

4 

1.1E+01 

LlE+01 

6.0E+OG 

6JE+00 

20 

Cyanide 

0 

4 

13E-01 

ERR 

1.3E-01 

O.OE  +  OO 

21 

DDD 

3 

4 

26E-01 

26E01 

liE-01 

1JE-01 

22 

DDE 

3 

4 

24E4J1 

24E-01 

1.2E-01 

L2E-01 

23 

DDT 

4 

4 

5.3E-01 

5.3E-01 

Z3E-01 

23E4H 

24 

Dibenz  (a.h)  anthracene 

0 

4 

L6E-G1 

ERR 

L6E-01 

aoE+oo 

25 

Dieldrin 

1 

4 

5.7E-02 

5.7E-02 

1JE-02 

1.5E-02 

26 

Dimethylbenzrae,  L3-  / 

0 

4 

L2E-01 

ERR 

UB41 

0.0E+00 

27 

Eodrw 

1 

4 

3.  IE-02 

3.1B42 

1.0E-02 

1.0E-02 

26 

Fluoranthene 

4 

4 

L0E+01 

1.0E+O1 

4.2E+00 

S.2E+0D 

29 

Fluorene 

4 

4 

L5E+00 

1.SE+00 

1.0E+0Q 

1.0E+00 

30 

Gamma-Cbiordaae 

0 

2 

10E-O3 

ERR 

20E-03 

O.OE+OO 

31 

Gamma'  Hezathlorocyd 

0 

4 

5.OE04 

ERR 

5,0E4W 

O.OE+OO 

37 

Heplachior 

0 

4 

UE-03 

ERR 

1.1E-03 

OOE+OO 

33 

HcptaehJor  epoxide 

1 

4 

I6E4J2 

26E-02 

7.0E-O3 

7.0E-C3 

34 

Indeno  0*2*3-cd)  pyrene 

1 

4 

3.7E+0I 

3.7E+01 

1.0E  +  01 

1.0E+O1 

35 

Lead 

4 

4 

OH +02 

S.5E+02 

6.3E+02 

6.3E+02 

36 

Meretoy 

4 

4 

L2E+0O 

L2E+00 

6.1E-01 

8.1E-0I 

37 

Naphthalene 

0 

4 

3L7E-01 

ERR 

3.7E-01 

O.OE+OO 

36 

Nickel 

4 

4 

55E+01 

S5E+01 

4.0E+01 

4.OE  +  01 

39 

Nitrate 

0 

0 

ERR 

ERR 

ERR 

- 

40 

Nitrite 

0 

0 

ERR 

ERR 

ERR 

- 

41 

PCB1260 

0 

4 

14E-G2 

ERR 

2.4B-02 

O.OE+OO 

42 

Phenanthrene 

4 

4 

14E+0O 

S.4E+00 

6.1E+00 

6.1E+00 

43 

Pyrene 

4 

4 

L3E+01 

L3E+01 

LOE+01 

1.0E+01 

44 

Silver 

2 

4 

6.0E+00 

6.0E+OO 

2.5E+00 

1SE+00 

45 

Sulfide 

0 

0 

ERR 

ERR 

ERR 

- 

46 

Tetrachloroetheae 

0 

4 

&.0E-O2 

ERR 

6.0E-02 

O.OE+OO 

47 

Tetrazeoe 

0 

0 

ERR 

ERR 

ERR 

- 

46 

Toluene 

0 

4 

5.OE-02 

ERR 

5.0E-C2 

O.OE+OO 

49 

Trichloroethylene 

0 

4 

1.2E-01 

ERR 

1.2E-01 

O.OE+OO 

50 

Uranium 

0 

0 

ERR 

ERR 

ERR 

- 

51 

Xylenes 

0 

4 

3.9B4I 

ERR 

3.9E-01 

0.0E+00 

OS/1  S/93 

STAT*SD3.WQl 
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DATA  STATISTICS  DATE: 

EXPOSURE  POINT:  RIVER  FILENA 

MEDIUM;  SURFACE  WATER 
UNITS:  MG/L 
U  MULTIPLIER:  0.5 


EPC 

EPC 

MAX 

MAX 

ARTTH 

CHEMICAL 

HITS 

TOTAL 

VALUE 

HIT 

MEAN 

EPC 

1  Atenapblhene 

0 

4 

2.9E-03 

ERR 

Z9E-03 

O.OE+OO 

2  Acenaphthylene 

0 

4 

2.6E-03 

ERR 

2.6E-03 

OOE+OQ 

3  Aidrrn 

0 

4 

ERR 

3JE-03 

GOE+00 

4  Alpha-Chlordanc 

0 

0 

ERR 

ERR 

ERR 

- 

5  Alpha -Eudosiilf  an 

0 

4 

L2Er02 

ERR 

5.SE-03 

O.OE+OO 

6  Anthracene 

0 

4 

Z6E-03 

ERR 

Z6E4)3 

O.OE+OO 

7  Benzene 

0 

4 

5.0E-04 

ERR 

5.0E4H 

Q.DE+OO 

S  Benzo  (a)  anthracene 

0 

4 

4.9E-03 

ERR 

49E-03 

Q.0E+0Q 

§  Betszo  (a)  pyrene 

0 

4 

7.0E-03 

ERR 

7.QE-03 

O.OE+OO 

tO  Benzo  ft  )  fluoranthene 

0 

4 

S.0E*O3 

ERR 

5.0E4)3 

0.0E+00 

11  Benzo  (fclu)  perylene 

0 

4 

7.5E-03 

ERR 

75E-03 

0.0E+00 

12  Benzo  (k)  fluoranthene 

0 

4 

5.0E-03 

ERR 

5.0E-03 

O-OE+OO 

13  Beta-Endotullan 

0 

4 

2JE-02 

ERR 

LlE-02 

O.OE+OO 

14  Boron 

0 

0 

ERR 

ERR 

ERR 

- 

IS  Cadmium  (food  soil) 

0 

0 

ERR 

ERR 

ERR 

- 

16  Cadmium  (water) 

0 

4 

3.4E-03 

ERR 

3.4E4J3 

O.OE+OO 

17  CMortane 

0 

4 

L9E42 

ERR 

9.3E-03 

O.OE+OO 

11  Chromium 

0 

4 

3  4E-03 

ERR 

S.4E473 

OOE+OO 

19  Chmeue 

0 

4 

3.7E-03 

ERR 

3.7E-03 

O.OE+OO 

20  Cyanide 

0 

4 

25E-Q3 

ERR 

25E-Q3 

O.OE+OO 

21  ODD 

0 

4 

9.0E-G3 

ERR 

4iE4» 

O.OE+OO 

22  DDE 

0 

4 

7.0E-O3 

ERR 

3.5E-03 

0.0E+00 

23  DDT 

0 

4 

9.0E-03 

ERR 

45B4» 

O.OE+OO 

24  Dibenz  (Ah)  anthracene 

0 

4 

6.0E-03 

ERR 

6.0E-C3 

O.OE+OO 

25  Dieidnn 

0 

4 

I3E-02 

ERR 

65E-03 

O.OE+OO 

26  Dimethylbcnzene,  1.3- / 

3 

4 

Z9E*03 

29E-03 

1.8E-03 

1.8E43 

27  Endnn 

0 

4 

9.0Er03 

ERR 

4  5E03 

O.OE+OO 

28  Fluoranthene 

0 

4 

1.2E-02 

ERR 

\j£m 

0.GE+Q0 

29  Fluorene 

0 

4 

4.6E-03 

ERR 

4.6E-03 

0.0E+00 

30  Gamma42hk>rdane 

0 

0 

ERR 

ERR 

ERR 

- 

31  Gamma-Hexachlorocycl 

1 

4 

36B413 

3  2E-06 

1.&E4I3 

3.2E-06 

32  HeptachJor 

0 

4 

L9E4J2 

ERR 

9.5E-Q3 

O.OE+OO 

33  Hep  tachlcr  epoxide 

0 

4 

1.4E-02 

ERR 

7UE43 

O.OE+OO 

34  Lndeno  ( 1,23-cd)  pyrene 

0 

4 

LIE-02 

ERR 

1.1E-02 

O.OE+OO 

35  Lead 

0 

4 

2.2E-02 

ERR 

Z2E-02 

O.OE+OO 

36  Mercury 

0 

4 

5.0E-05 

ERR 

5.0E-05 

O.OE+OO 

37  Naphthalene 

0 

4 

25E-04 

ERR 

15E-4H 

O.OE+OO 

38  Nickel 

a 

4 

L6E-02 

ERR 

1.6E-02 

OJJE+00 

39  Nitrate 

0 

0 

ERR 

ERR 

ERR 

- 

40  Nitrite 

0 

0 

ERR 

ERR 

ERR 

- 

41  PCBI260 

0 

2 

S-8E-05 

ERR 

88E-05 

O.OE+OO 

42  Pbeoanthrene 

0 

4 

5.0E-03 

ERR 

50E-03 

OOE+OO 

43  Pyrene 

0 

4 

8JB4B 

ERR 

8.5E-03 

aoE+oo 

44  Silver 

0 

4 

S.0B-03 

ERR 

5.CE-03 

OOE+OO 

45  Sulfide 

G 

0 

ERR 

ERR 

ERR 

- 

46  Tetrachloroetbene 

0 

4 

5.0E4M 

ERR 

5.0E4M 

O.OE+OO 

47  Tetrazeue 

a 

0 

ERR 

ERR 

ERR 

- 

4£  T oluene 

3 

4 

4.3E-03 

4.3E-03 

2.8E-03 

28E-03 

49  Trichloroethylene 

3 

4 

Z6E-03 

2.6E4J3 

20&O3 

ZOE-03 

50  T  ’rrninm 

0 

0 

ERR 

ERR 

ERR 

- 

51  Xylenes 

2 

4 

2.9E4J3 

2.9E43 

1.8E4J3 

l.SE-03 

QSTS/93 

STAT-SWJWQ1 


0-16 


DATA  STATISTICS  DATE:  Q&fltm 

EXPOSURE  POINT:  RIVER ’FISH  FILENA  SFTF-SW2WQ1 

MEDIUM  SURFACE  WATER 
UNITS:  MG/L 
U  MULTIPLIER:  0.S 


EPC 

EPC 

MAX 

MAX 

ARITH 

* 

CHEMICAL 

HTTS 

TOTAL 

value 

HIT 

MEAN 

EPC 

BCF 

FISHEFC 

l  Acenaphthenc 

0 

9 

2.9E-03 

ERR 

2.9E-C3 

0.0E+0O 

O.OE+OO 

2  Acenaphthylene 

0 

9 

2.6E-03 

ERR 

Z6E-Q3 

G.QE+Q0 

O.OE+OO 

3  AJdrin 

0 

9 

6-5E433 

ERR 

I.4&43 

O.OE+OO 

OOE+OO 

4  Alpha -Chksrdme 

0 

0 

ERR 

ERR 

ERR 

- 

O.OE+OO 

5  AJpha-Eadosulfan 

0 

9 

1.2E-02 

ERR 

2.6E-03 

O.OE+OO 

O.OE+OO 

6  Anthracene 

0 

9 

2.6E4B 

ERR 

26E-03 

O.OE+OO 

O.OE+OO 

7  Benzene 

0 

9 

5.0E-04 

ERR 

50E-04 

0.0E+00 

O.OE+OO 

4  Benlo  (a)  anthracene 

0 

9 

4.9E4D 

ERR 

4.9E-03 

O.OE+OO 

O.OE+OO 

9  Benxo  (a)  pyrene 

0 

9 

7.0E-03 

ERR 

7.0E^03 

O.0E+QO 

O.OE+OO 

10  Becza  (b)  fluoranthene 

0 

9 

5.0&03 

ERR 

5.0E-03 

OOE+OO 

O.OE+OO 

1 1  Bcnzo  ( g^tis  i )  perylene 

0 

9 

7JE-03 

ERR 

7.5B-03 

O.OE+OO 

O.OE+OO 

12  Benzo  (k)  fluoranthene 
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P.  Detailed  Exposure/Risk 
Calculations  -  Chemicals 


USER’S  GUIDE 


The  following  pages  provide  detailed  documentation  of  the  exposure  and  risk  calculations 
performed  at  this  site.  The  following  information  may  be  helpful  for  those  who  wish  to 
review  these  calculations  in  detail. 

Data  Input 

Exposure  and  risk  calculations  are  performed  by  providing  data  to  the  computer  in  three 
parts  or  worksheets.  The  first  worksheet  is  named  "POP SUM."  This  is  where  exposure 
scenarios  to  be  evaluated  are  listed,  grouped  by  population  (populations  are  described  in 
Section  6.0  of  this  report).  This  is  also  where  all  HIF  terms  developed  in  Section  6.0  are 
entered.  Since  not  all  of  the  populations  to  be  evaluated  fit  into  one  POPSUM  worksheet, 
multiple  POPSUMs  are  created.  Each  POPSUM  is  identified  by  a  separate  disk  number. 

The  second  worksheet  is  named  "CTV."  This  worksheet  contains  the  names  of  all  chemicals 
of  concern  and  all  available  values  for  the  following  parameters: 

RfDs  =  subchronic  reference  dose  (route-specific) 

RfDc  =  chronic  reference  dose  (route-specific) 

SF  =  slope  factor  (route-specific) 

AFo  =  oral  absorption  fraction 

ABS  =  absorption  fraction  from  soil 

P  —  dermal  permeability  (Kp)  constant  for  water 

The  third  worksheet  is  a  series  of  exposure  point  concentration  ("EPC")  tables  that  record 
the  concentrations  of  the  chemicals  of  concern  at  each  location.  Since  concentrations  may 
change  over  time,  three  columns  exist  for  each  medium:  subchronic  (CJ,  chronic  (Cc)  and 
lifetime  (C|)  average  values.  If  a  chemical  is  assumed  to  remain  constant  over  time,  all  of 
these  values  will  be  equal.  These  tables  repeat  the  values  already  documented  in 
Appendix  O,  so  the  EPC  worksheets  are  not  repeated  here. 

Exposure  and  Risk  Calculations 

Exposure  and  risk  calculations  for  exposure  scenarios  and  populations  listed  Li  "POPSUM" 
are  performed  in  a  series  of  worksheets  (called  "WSl,"  "WS2,"  etc.),  grouped  by  population 
(POP1,  POP2,  etc.,  where  POP1  =  population  1  on  the  POPSUM  worksheet).  Each 
exposure  and  risk  calculation  worksheet  is  specific  for  a  given  population,  extxisure  point, 
exposure  medium  and  exposure  route.  All  these  terms  are  listed  at  the  top  of  the  page,  along 
with  the  appropriate  HIF  values  (copied  from  the  POPSUM  worksheet).  Exposure  and  risk 
calculations  are  then  presented  in  the  body  of  the  worksheet,  grouped  into  three  separate 
sections:  subchronic,  chronic  and  lifetime.  Within  each  section,  the  first  data  column  is  for 
the  exposure  point  concentration,  copied  from  the  appropriate  EPC  table.  The  next  column 
is  for  the  HIF  values: 

•  HIFs  =  subchronic  human  intake  factor 

•  HIFc  =  chronic  human  intake  factor 

•  HIF!  =  lifetime  (carcinogenic)  human  intake  factor 

Since  the  HIF  value  does  not  depend  on  chemical,  the  same  value  appears  in  all  rows  of  the 
column.  The  next  column  is  used  for  the  chemical-specific  ABS  or  P  terms  reeded  in  any 
dermal  exposure  scenarios.  Since  these  terms  are  not  needed  except  in  dermal  scenarios,  a 
value  of  1  appears  in  this  column  for  all  oral  or  inhalation  scenarios.  The  next  column  is  the 
dose  (intake),  calculated  by  multiplying  the  exposure  point  concentration  by  the  HIF.  The 
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next  column  is  the  appropriate  chemical,  route  and  duration-specific  CTV  term  (RfD,,  RfDc 
and  SF  for  subchromc,  chronic  and  lifetime  exposures,  respectively).  These  are  copied  from 
the  CTV  worksheet  mentioned  above.  The  last  column  in  each  block  is  the  risk  estimate. 
For  subchronic  and  chronic  exposures,  this  is  given  by  the  dose  (DI)  divided  by  the  RfD, 
and  is  termed  the  Hazard  Quotient  (HQ).  For  lifetime  exposures,  the  value  is  the  excess 
cancer  risk,  calculated  from  the  equation 

RISK  *  1  -  e'to  ,SF) 


Summary  Sheets 

After  all  exposure  scenarios  that  apply  to  a  given  population  are  evaluated,  summary  tables 
are  prepared  that  tabulate  the  pathway-specific  subchronic,  chronic  and  lifetime  dose  and  risk 
estimates  for  the  population.  These  are  copied  from  the  preceding  exposure  and  risk 
calculation  worksheets.  The  doses  are  shown  in  the  block  on  the  left,  and  the  risks  or  hazard 
quotients  are  shown  in  the  block  on  the  right.  In  each  block,  each  column  represents  one 
exposure  scenario  (pathway).  This  is  identified  by  the  labels  heading  the  column.  Finally, 
risks  are  summed  across  chemicals  and  across  pathways.  These  sums  are  shown  just  below 
the  individual  columns  of  risk  estimates. 

Arrangement  of  This  Appendix 

Provided  below  is  an  outline  of  how  the  exposure  and  risk  summary  tables  are  organized  for 


the  populations  at  this  site,  along  with  the  page  numbers  where  each  section  is  located. 

Part  A:  Chemical  Risk  -  Residential  and  Commercial  Zones  1-4  PAGE 

Exposure  Scenarios  Evaluated .  P-6 

Summary  of  Critical  Toxicity  Values  . P-8 

Exposure  Point  Concentrations  . P-10 

Resident  -  Zone  1  inon excavated) 

Exposure  and  Risk  Calculation  Worksheets .  P-15 

Subchronic  Exposure  Summary  .  P-21 

Chronic  Exposure  Summary . P-20 

Lifetime  Exposure  Summary  .  P-22 

Residents  Zone  2  .(nonexcavated) 

Exposure  and  Risk  Calculation  Worksheets .  P-27 

Subchronic  Exposure  Summary  .  P-3 1 

Chronic  Exposure  Summary .  P-33 

Lifetime  Exposure  Summary  .  P-35 

Resident  -  Zone  3  (nonexcavated 

Exposure  and  Risk  Calculation  Worksheets .  P-37 

Subchronic  Exposure  Summary  .  P-41 

Chronic  Exposure  Summary  .  P-43 

Lifetime  Exposure  Summary  .  P-45 


continued - 
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Resident  -  Zone  1  (excavated) 


PAGE 


Exposure  and  Risk  Calculation  Worksheets 

Suochronic  Exposure  Summary . 

Chronic  Exposure  Summary . 

Lifetime  Exposure  Summary  ....... 

Resident  -  Zone  4  (excavated) 


Exposure  and  Risk  Calculation  Worksheets . .  . .  P-59 

Subchronic  Exposure  Summary  .  .  P-65 

Chronic  Exposure  Summary .  P-67 

Lifetime  Exposure  Summary  .  .  P-69 

Construction  Worker  -  Zone  1 

Exposure  and  Risk  Calculation  Worksheets .  P-71 

Suochronic  Exposure  Summary .  P-75 

Lifetime  Exposure  Summary  .  P-77 

Construction  Worker  -  Zone  4 

Exposure  and  Risk  Calculation  Worksheets .  P-79 

Subchronic  Exposure  Summary  . P-83 

Lifetime  Exposure  Summary  .  P-85 

Commercial  Worker  -  Zone  1 

Exposure  and  Risk  Calculation  Worksheets  . .  P-87 

Chronic  Exposure  Summary .  P-89 

Lifetime  Exposure  Summary  .  . .  P-91 

Commercial  Worker  -  Zone  2 

Exposure  and  Risk  Calculation  Worksheets . .  P-93 

Chronic  Exposure  Summary .  P-95 

Lifetime  Exposure  Summary  . P-97 

Commercial  Worker  -  Zone  3 

Exposure  and  Risk  Calculation  Worksheets .  P-99 

Chronic  Exposure  Summary .  P-101 

Lifetime  Exposure  Summary  . P-103 

Part  B:  Chemical  Risk  -  Park  Visitors 

Exposure  Scenarios  Evaluated . P-104 

Summary  of  Critical  Toxicity  Values  . P-105 

Exposure  Point  Concentrations  .  P-107 


P-47 

P-53 

P-55 

P-57 


continued  - 
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River  Park  Visitor  PAGE 

Exposure  and  Risk  Calculation  Worksheets . .  P-109 

Subchronic  Exposure  Summary  . P-113 

Chronic  Exposure  Summary  . .'....  P-115 

Lifetime  Exposure  Summary  . P-117 

River  Park  Swimmer 

Exposure  and  Risk  Calculation  Worksheets .  P-119 

Subchronic  Exposure  Summary  .  P-127 

Chronic  Exposure  Summary  . .  P-129 

Lifetime  Exposure  Summary  .  P-131 

River  Park  -  Angler 

Exposure  and  Risk  Calculation  Worksheets .  P-133 

Chronic  Exposure  Summary  .  P-135 

Lifetime  Exposure  Summary  .  P-137 

Zone  4  -  Visitor 

Exposure  and  Risk  Calculation  Worksheets .  P-139 

Subchronic  Exposure  Summary  .  .  .  . .  P-143 

Chronic  Exposure  Summary  .  P-45 

Lifetime  Exposure  Summary  . P-147 
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RANGE  NAME:  WSJ  SHE  NAME:  HTL 

EXPOSURE  AND  RISK  CALCULATION  WORKSHEET  OPERABLE  UNIT:  RESONT /WflfcR 

HIE  NAME:  POP2 

LAND  USE:  FUTURE  LAST  UPDATED:  03/ 18/93 

POPULATION:  RESIDENT  2 
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POPULATION:  CONST.  WORKER  J 
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LIFETIME  EXPOSURE  SUW*ARY  LIFETIME  RISK  SUWARV 
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RANGE  NAME:  VSl  SITE  NAME:  HU 

EXPOSURE  AND  RISK  CALCULATION  WORKSHEET  OPERABLE  UNIT  I  RESDW/WftKfl 

FILE  WAMEs  FOR? 

LAND  USE:  FUTURE  LAST  UPDATED:  00/18/93 

POPULATION :  CONST.  WORKER  2 
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RANGE  NAME:  W%Z  SI TE  NAME:  HtL 

EXPOSURE  AND  RISK  CALCULATION  WORKSHEET  OPERABLE  UNIT:  RESONT /WRKR 

FILE  NAME:  POP? 

LAND  USE:  FUTURE  LAST  UPDATED:  OB/ 18/93 

POPULATION:  CONST.  WORKER  Z 
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Q.  Detailed  Exposure/Risk 
Calculations  -  Radiological 
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FUTURE  PARK  VISITOR 
PARK  SOIL  ORAL  EXPOSURE 


CHEMICAL  EPC 

HIF 

SLOPE 

FACTOR 

RISK 

Uranium  234  8,4E4)1 

Uranium  235  1 .88*02 

Uranium  238  7.2E-QI 

4.9E+0I 

4.9E+01 

4.9E+01 

I.6E-11 

L6E-I1 

1.6E-I1 

6.6E-I0 

I.4E-11 

5.6E-10 

FUTURE  PARK  VISITOR 

PARK  SOIL  EXTERNAL  EXPOSURE 

CHEMICAL  EPC  DURATION 

SLOPE 

FACTOR 

RISK 

Uranium  234  8.4E-01 

Uranium  235  1.8E-02 

Uranium  238  7.2E-01 

3.0E+01 

3.0E+01 

3.0E+01 

3.0E-1I 

2.4E-07 

2.1E-11 

7.5E-IO 

1.3E-07 

4.5E-10 

FUTURE  PARK  SWIMMER 

SURFACE  WATER  ORAL  EXPOSURE 

CHEMICAL  EPC  HIF 

SLOPE 

FACTOR 

RISK 

Uranium  234  3.8E-01 

Uranium  235  O.OE+OO 

Uranium  238  1.5E-01 

5.3E+00 

5.3E+00 

5.3E+00 

L6E-11 

L6E-11 

L6E-11 

3.2E-11 

0.0E+00 

L3E-1I 

FUTURE  PARK  SWIMMER 
SEDIMENT  ORAL  EXPOSURE 

CHEMICAL  EPC 

HIF 

SLOPE 

FACTOR 

RISK 

Uranium  234  1.2E+00 

Uranium  235  I.3E-01 

Uranium  238  9.  IE-01 

I.  IE +01 
1.1E+01 
1.1E+01 

I.6E-I1 

1.6E-11 

L6E-11 

2.1E-10 

2.2E-11 

I.6E-10 

FUTURE  PARK  ANGLER 

FISH  ORAL  EXPOSURE 

CHEMICAL  EPC 

HIF 

SLOPE 

FACTOR 

RISK 

Uranium  234  5.6E-0I 

Uranium  235  0.0E+00 

Uranium  238  2,7E*0I 

6.0E+01 

6.0E+0I 

6.0E+01 

1.6E-1I 

L6E-1I 

I.6E-11 

5.3E-10 

0.0E+00 

2.6E-10 

Q-2 
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FUTURE  RESIDENT  1  -  ZONE  1  (NON-EXCAVATED) 
SOIL  (0-2*)  ORAL  EXPOSURE 

SLOPE 


CHEMICAL 

EPC 

HIF 

FACTOR 

RISK 

Uranium  234 

6.3E-01 

2.9E+02 

1.6E-11 

2.9E-09 

Uranium  235 

0.0E+00 

2.9E+02 

1.6E-11 

O.OE+OO 

Uranium  238 

7.3E-0I 

2.9E+02 

1.6E-11 

3.4E-09 

FUTURE  RESIDENT  1  -  ZONE  1  (NON-EXCAVATED) 

SOIL  (0-2’)  EXTERNAL  EXPOSURE 

SLOPE 

CHEMICAL 

EPC 

DURATION 

FACTOR 

RISK 

Uranium  234 

6.3E-01 

3.0E+01 

3.0E-11 

5.6E-I0 

Uranium  235 

O.OE+OO 

3.0E+01 

2.4E-07 

O.OE+OO 

Uranium  238 

7.3E-01 

3.0E+01 

2.1E-11 

4.6E-I0 

FUTURE  RESIDENT  I  -  ZONE  1  (NON-EXCAVATED) 
VEGETABLES  (0-2’)  ORAL  EXPOSURE 

SLOPE 

CHEMICAL 

EPC 

HIF 

FACTOR 

RISK 

Uranium  234 

2.3E-04 

1.6E+05 

1.6E-11 

5.8E-10 

Uranium  235 

0.0E+00 

1.6E+05 

1.6E-11 

O.OE+OO 

Uranium  238 

2.6E-04 

1.6E+05 

1.6E-11 

6.7E-10 

Q-3 
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FUTURE  RESIDENT  2  -  ZONE  2  (NON-EXCAVATED) 

SOIL  (0-2’)  ORAL  EXPOSURE 

SLOPE 

CHEMICAL  EPC  HIF  FACTOR  RISK 


Cesium  137 

2.3E-01 

2.9E+02 

2.8E-11 

1.9E-09 

Thorium  232 

I.2E+00 

2.9E+02 

1.2E-11 

4.1E-09 

Uranium  234 

8.8E-01 

2.9E+02 

1.6E-11 

4.  IE-09 

Uranium  235 

4.5E-02 

2.9E+02 

1.6E-1I 

2.1E-10 

Uranium  238 

9.0E-01 

2.9E+02 

1.6E-11 

4.2E-09 

FUTURE  RESIDENT  2  -  ZONE  2  (NON-EXCAVATED) 
SOIL  (0-2’)  EXTERNAL  EXPOSURE 

SLOPE 


CHEMICAL 

EPC 

DURATION 

FACTOR 

RISK 

Cesium  137 

2.3E-01 

3.0E+01 

0.0E+00 

0.0E+00 

Thorium  232 

I.2E+00 

3.0E+01 

2.6E-11 

9.2E-10 

Uranium  234 

8.8E-OI 

3.0E+01 

3.0E-11 

7.9E-10 

Uranium  235 

4.5E-02 

3.0E+OI 

2.4E-07 

3.2E-07 

Uranium  238 

9.0E-01 

3.0E+01 

2.1E-11 

5.7E-10 

FUTURE  RESIDENT  3  -  ZONE  3  (NON-EXCAVATED) 

SOIL  (0-2’)  ORAL  EXPOSURE 

SLOPE 

CHEMICAL  EPC  HIF  FACTOR 

RISK 

Uranium  234 

7.3E-01 

2.9E+02 

1.6E-11 

3.4E-09 

Uranium  235 

2.0E-02 

2.9E+02 

1.6E-11 

9.3E-1I 

Uranium  238 

7.1E-0I 

2.9E+02 

1.6E-I1 

3.3E-09 

FUTURE  RESIDENT  3  -  ZONE  3  (NON-EXCAVATED) 

SOIL  (0-2’)  EXTERNAL  EXPOSURE 

SLOPE 

CHEMICAL 

EPC 

DURATION 

FACTOR 

RISK 

Uranium  234 

7.3E-01 

3.0E+01 

3.0E-I1 

6.5E-I0 

Uranium  235 

2.0E-02 

3.0E+01 

2.4E-07 

1.4E-07 

Uranium  238 

7.1E-01 

3.0E+01 

2.1E-1I 

4.5E-10 

Q-4 
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FUTURE  RESIDENT  4  -  ZONE  1  (EXCAVATED) 

SOIL  (0-12’)  ORAL  EXPOSURE 

SLOPE 


CHEMICAL 

EPC 

HIF 

FACTOR 

RISK 

1 

Uranium  234 

6.4E-01 

2.9E+02 

1.6E-11 

3.0E-09 

Uranium  235 

6.7E-02 

2.9E+02 

I.6E-I1 

3, 1E- 10 

Uranium  238 

6.8E-01 

2.9E+02 

1.6E-11 

3.1E-09 

FUTURE  RESIDENT  4  -  ZONE  1  (EXCAVATED) 

SOIL  (0-12’)  EXTERNAL  EXPOSURE 

SLOPE 

CHEMICAL  EPC  DURATION  FACTOR 

RISK 

Uranium  234 

6.4E-01 

3.0E+01 

3.0E-1I 

5.8E-10 

Uranium  235 

6.7E-02 

3.0E+01 

2.4E-07 

4.8E-07 

Uranium  238 

6.8E-01 

3.0E+01 

2.1E-11 

4.3E-10 

FUTURE  RESIDENT  4  -  ZONE  1  (EXCAVATED) 
VEGETABLES  (0-12’)  ORAL  EXPOSURE 

SLOPE 

CHEMICAL  EPC  HIF  FACTOR 

RISK 

Uranium  234 

2.3E-04 

I.6E+05 

1.6E-11 

5.9E-10 

Uranium  235 

2.4E-05 

1.6E+05 

1.6E-11 

6.1E-1I 

Uranium  238 

2.4E-04 

1.6E+05 

1.6E-11 

6.2E-10 

Q-5 
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FUTURE  RESIDENT  5  -  ZONE  4  (EXCAVATED) 

SOIL  (0-12*)  ORAL  EXPOSURE 

SLOPE 


CHEMICAL 

EPC 

HIF 

FACTOR 

RISK 

Cesium  137 

1.2E+00 

2.9E+02 

2.8E-I1 

9.7E-09  * 

Thorium  232 

1.0E+00 

2.9E+02 

I.2E-11 

3.5E-09 

Uranium  234 

6.4E-01 

2.9E+02 

1.6E-11 

3.0E-09 

Uranium  235 

2.2E-02 

2.9E+02 

1.6E-11 

1.0E-10 

Uranium  238 

7.0E-01 

2.9E+02 

1.6E-11 

3.2E-09 

FUTURE  RESIDENT  5  -  ZONE  4  (EXCAVATED) 

SOIL  (0-12’)  EXTERNAL  EXPOSURE 

SLOPE 

CHEMICAL  EPC  DURATION  FACTOR 

RISK 

Cesium  137 

I.2E+00 

3.0E+01 

0.0E+00 

O.OE+OO 

Thorium  232 

1.0E+00 

3.0E+01 

2.6E-1I 

7.8E-10 

Uranium  234 

6.4E-01 

3.0E+01 

3.0E-11 

5.8E-10 

Uranium  235 

2.2E-02 

3.0E+01 

2.4E-07 

1.6E-07 

Uranium  238 

7.0E-01 

3.0E+01 

2.1E-11 

4.4E-10 

FUTURE  RESIDENT  5  -  ZONE  4  (EXCAVATED) 
VEGETABLES  (0-12')  ORAL  EXPOSURE 

SLOPE 

CHEMICAL  EPC  HIF  FACTOR 

RISK 

Cesium  137 

3.4E-03 

1.6E+05 

2.8E-11 

1.5E-08 

Thorium  232 

I.3E-05 

1.6E+05 

1.2E-11 

2.5E-11 

Uranium  234 

2.3E-04 

1.6E+05 

1.6E-11 

5.9E-10 

Uranium  235 

8.0E-06 

1.6E+05 

1.6E-11 

2.  IE- 11 

Uranium  238 

2.5E-04 

1.6E+05 

I.6E-11 

6.5E-10 

Q-6 
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FUTURE  VISITOR  -  ZONE  4  (NON-EXCAVATED) 

SOIL  (0-2’)  ORAL  EXPOSURE 

SLOPE 


CHEMICAL 

EPC 

HIF 

FACTOR 

RISK 

Cesium  137 

I.2E+00 

9.8E+01 

2.8E-I1 

3.3E-09 

Thorium  232 

1.0E+00 

9.8E+01 

1.2E-I1 

1.2E-09 

Uranium  234 

7.2E-0I 

9.8E+01 

1.6E-1I 

1.1E-09  * 

Uranium  235 

1.7E-02 

9.8E+01 

1.6E-1I 

2.6E-I1 

Uranium  238 

7.8E-OI 

9.8E+01 

1.6E-II 

1.2E-09 

FUTURE  VISITOR  -  ZONE  4  (NON-EXCAVATED) 

SOIL  (0-2’)  EXTERNAL  EXPOSURE 

SLOPE 

CHEMICAL  EPC  DURATION  FACTOR 

RISK 

Cesium  137 

1.2E+00 

3.0E+0I 

0.0E+00 

0.0E+00 

Thorium  232 

1.0E+00 

3.0E+0I 

2.6E-11 

7.8E-10 

Uranium  234 

7.2E-01 

3.0E+0I 

3.0E-I1 

6.5E-10 

Uranium  235 

I.7E-02 

3.0E+01 

2.4E-07 

1.2E-07 

Uranium  238 

7.8E-01 

3.0E+01 

2.1E-11 

4.9E-10 

Q-7 
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FUTURE  CONST.  WORKER  1  -  ZONE  1  (EXCAVATED) 
SOIL  (0-12’)  ORAL  EXPOSURE 


CHEMICAL 

EPC 

HIF 

SLOPE 

FACTOR 

RISK 

Uranium  234 

6.4E-01 

8.6E+00 

1.6E-11 

8.8E-I1 

Uranium  235 

6.7E-02 

8.6E+00 

1.6E-11 

9.2E-12 

Uranium  238 

6.8E-01 

8.6E+00 

1.6E-1I 

9.3E-I1 

FUTURE  CONST.  WORKER  1  -  ZONE  1  (EXCAVATED) 

DUST  (0-12’)  INHALATION  EXPOSURE 

SLOPE 

CHEMICAL 

EPC 

HIF 

FACTOR 

RISK 

Uranium  234 

3.2E-06 

3.6E+05 

2.6E-08 

3.0E-08 

Uranium  235 

3.3E-07 

3.6E+05 

2.5E-08 

3.0E-O9 

Uranium  238 

3.4E-06 

3.6E+05 

2.4E-08 

2.9E-08 

FUTURE  CONST.  WORKER  1  -  ZONE  1  (EXCAVATED) 

SOIL  (0-12*)  EXTERNAL  EXPOSURE 

SLOPE 

CHEMICAL 

EPC 

DURATION 

FACTOR 

RISK 

Uranium  234 

6.4E-01 

1.0E+00 

3.0E-1I 

I.9E-11 

Uranium  235 

6.7E-02 

1.0E+00 

2.4E-07 

1.6E-08 

Uranium  238 

6.8E-01 

1.0E+00 

2.  IE- 11 

1.4E-11 

Q-8 
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FUTURE  CONST.  WORKER  2  -  ZONE  4  (EXCAVATED) 
SOIL  (0-12’)  ORAL  EXPOSURE 

SLOPE 


CHEMICAL 

EPC 

HIF 

FACTOR 

RISK 

Cesium  137 

1.2E+00 

8.6E+00 

2.8E-11 

2.9E-10 

Thorium  232 

1.0E+00 

8.6E+00 

1.2E-11 

1.0E-10 

Uranium  234 

6.4E-01 

8.6E+00 

1.6E-11 

8.9E-11 

Uranium  235 

2.2E-02 

8.6E+00 

1.6E-11 

3.1E-12 

Uranium  238 

7.0E-01 

8.6E+00 

1.6E-11 

9.6E-11 

FUTURE  CONST.  WORKER  2  -  ZONE  4  (EXCAVATED) 

DUST  (0-12’)  INHALATION  EXPOSURE 

SLOPE 

CHEMICAL  EPC  HIF 

FACTOR 

RISK 

Cesium  137 

6.0E-06 

3.6E+05 

1.9E-11 

4.1E-1I 

Thorium  232 

5.0E-06 

3.6E+05 

2.8E-08 

5.0E-08 

Uranium  234 

3.2E-06 

3.6E+05 

2.6E-08 

3.0E-08 

Uranium  235 

I.1E-07 

3.6E+05 

2.5E-08 

1.0E-09 

Uranium  238 

3.5E-06 

3.6E+05 

2.4E-08 

3.0E-08 

FUTURE  CONST.  WORKER  2  -  ZONE  4  (EXCAVATED) 

SOIL  (0-12’)  EXTERNAL  EXPOSURE 

SLOPE 

CHEMICAL  EPC  DURATION  FACTOR 

RISK 

Cesium  137 

1.2E+00 

1.0E+00 

O.OE+OO 

5.7E-01 

Thorium  232 

I.0E+00 

1.0E+00 

2.6E-11 

1.4E+00 

Uranium  234 

6.4E-01 

1.0E+00 

3.0E-11 

1.9E-11 

Uranium  235 

2.2E-02 

1.0E+00 

2.4E-07 

5.3E-09 

Uranium  238 

7.0E-01 

1.0E+00 

2.1E-11 

1.5E-11 
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FUTURE  COMM.  WORKER  1  -  ZONE  1  (NON-EXCAVATED) 
SOIL  (0-2’)  ORAL  EXPOSURE 

SLOPE 


CHEMICAL 

EPC 

HIF 

FACTOR 

RISK 

Uranium  234 

6.3E-01 

3.1E+02 

1.6E-I1 

3.1E-09 

Uranium  235 

0.0E+00 

3.IE+02 

I.6E-11 

O.OE+OO 

Uranium  238 

7.3E-01 

3.IE+02 

1.6E-1I 

3.6E-09 

FUTURE  COMM.  WORKER  2  - 
SOIL  (0-2’)  ORAL  EXPOSURE 

CHEMICAL  EPC 

ZONE  2  (NON-EXCAVATED) 

SLOPE 

HIF  FACTOR 

RISK 

Cesium  137 

2.3E-01 

3.IE+02 

2.8E-1I 

2.0E-09 

Thorium  232 

1.2E+00 

3.1E+02 

1.2E-1I 

4.4E-09 

Uranium  234 

8.8E-01 

3.1E+02 

1.6E-U 

4.4E-09 

Uranium  235 

4.5E-02 

3.1E+02 

1.6E-1 1 

2.2E-I0 

Uranium  238 

9.0E-01 

3.IE+02 

1.6E-II 

4.5E-09 

FUTURE  COMM.  WORKER  3  - 
SOIL  (0-2’)  ORAL  EXPOSURE 

ZONE  3  (NON-EXCAVATED) 

SLOPE 

CHEMICAL 

EPC 

HIF 

FACTOR 

RISK 

Uranium  234 

7.3E-01 

3.IE+02 

1.6E-11 

3.6E-09 

Uranium  235 

2.0E-02 

3.IE+02 

1.6E-1I 

9.9E-1 1 

Uranium  238 

7.  IE-01 

3.IE+02 

I.6E-II 

3.5E-09 

Q-10 
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EXPANDED  TOXICITY  SUMMARIES 

Section  _ Chemical _  Page 

I. 0  ALDRIN/DIELDRIN .  R-2 

2.0  BENZENE  . . . .  .  R-4 

3.0  BORON .  R-9 

4.0  CADMIUM .  R-10 

5.0  CESIUM  . R-12 

6.0  CHLORDANE . R-13 

7.0  CHROMIUM .  R-I5 

8.0  COBALT .  R-19 

9.0  CYANIDE  . R-2 1 

10.0  DDD . R-23 

II. 0  DDE . R-24 

12.0  DDT . R-2  6 

13.0  DIBENZOFURAN  .  R-29 

14.0  ENDOSULFAN . R-29 

15.0  ENDRIN  . R-30 

16.0  HEFTACHLOR/HEPTACHLOR  EPOXIDE .  R-32 

17.0  ISODRIN .  R-34 

18.0  LEAD . R-35 

19.0  GAMMA-HEXACHLOROCYCLOHEXANE  (LINDANE) .  R-37 

20.0  MERCURY . R-38 

21.0  NICKEL . R-42 

22.0  NITRATE/ NITRITE .  R-44 

23.0  POLYCHLORINATED  BIPHENYLS .  R-46 

24.0  POLYCYCLIC  AROMATIC  HYDROCARBONS  .  R-48 

25.0  SILVER . R-53 

26.0  SULFIDE .  R-55 

27.0  TETRACHLOROETHYLENE .  R-55 

28.0  TETRAZENE  .  R-57 

29.0  THORIUM . . . R-58 

30.0  TRICHLOROETHYLENE .  R-60 

31.0  URANIUM .  R-62 

32.0  XYLENES  . R-64 
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R.  Detailed  Toxicity 
Summaries 
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ALDRIN/DIELDRIN 


Aldrin  and  dieldrin  are  structurally  similar  organochlorine  pesticides.  Dieldrin  differs  from 
aldrin  due  to  the  presence  of  an  epoxide  ring.  Aldrin  is  rapidly  metabolized  to  dieldrin 
within  the  body.  Therefore,  it  is  not  surprising  that  the  toxicities  of  these  two  pesticides  are 
very  similar. 

1.1  Noncarcinogen  ic  Effects 

Inhalation  of  dieldrin  has  produced  neurological  effects  in  humans.  Symptoms  including 
headache,  muscle  twitching,  EEG  abnormalities,  and  convulsions  have  been  reported.  These 
signs  are  usually  reversible  within  weeks  after  exposure  ceases.  However,  recurrent 
convulsions  in  humans  have  been  reported  up  to  154  days  after  an  inhalation  exposure. 
Abnormal  EEGs  (primarily  bilateral  synchronous  theta- wave  activity),  indicative  of  brain 
stem  injury,  can  occur  without  clinical  symptoms.  No  effects  on  serum  liver  enzymes  have 
been  reported  in  dieldrin-exposed  workers  (ATSDR,  1991).  Data  concerning  the  inhalation 
toxicity  of  aldrin  or  dieldrin  in  animals  were  not  located.  The  EPA  has  not  derived  an 
inhalation  RfC  or  RfD  for  aldrin  or  dieldrin  (EPA,  1992). 

Oral  doses  as  low  as  71  mg/ kg  of  dieldrin  can  be  fatal  to  humans.  Ingestion  of 
aldrin/dieldrin  contaminated  grain  has  produced  neurological  effects  in  humans  including, 
convulsions,  EEG  changes,  memory  loss,  visual  light  flashes,  tinnitus,  muscle  twitches, 
vertigo,  and  fainting.  Convulsions  have  been  reported  to  occur  up  to  one  year  after 
exposure,  due  to  redistribution  from  the  adipose  tissue.  Mild  hepatic  and  immune  system 
effects  have  also  been  noted  in  humans  after  oral  exposure  to  aldrin/dieldrin.  Exposure 
levels  responsible  for  these  effects  have  not  been  well  quantified  in  humans  (ATSDR,  1991). 

In  animals,  an  increased  mortality  has  been  observed  in  mice  and  rats  at  acute  and 
subchronic  oral  doses  typically  ranging  from  1.3  to  168  mg/kg/day  dieldrin.  Neurotoxic 
effects  such  as  hypokinesia,  tremors,  convulsions,  altered  limbic  and  visual  potentials,  altered 
EEGs,  and  neuronal  necrosis  have  been  reported  in  rats  or  monkeys  at  doses  typically 
ranging  from  4  to  40  mg/kg/day  dieldrin.  Dieldrin  has  also  produced  immunosuppressive 
effects  in  mice  at  levels  of  0.5  to  5  ppm  in  the  diet  (ATSDR,  1991).  An  increased  mortality 
was  reported  in  rats  and  mice  after  chronic  consumption  of  0.5  to  2.5  mg/kg/day  of  dieldrin. 
Chronic  oral  doses  of  3  to  8  ppm  dieldrin  in  the  diet  produced  tremors  and  excitability  in 
male  and  female  rats  (ATSDR,  1991).  Several  lifetime  studies  have  demonstrated  an  ability 
of  dieldrin  to  produce  liver  lesions.  Walker  et  al.  (1969)  reported  liver  lesions  in  rats  after  a 
two-year  oral  administration  of  1  ppm  (0.05  mg/kg/day)  dieldrin  in  the  diet.  This  effect  was 
not  noted  at  a  dose  of  0. 1  ppm  (0.005  mg/kg/day)  dieldrin  in  the  diet.  Similar  effects  were 
noted  in  rats  chronically  exposed  to  0.5  ppm  (0.025  mg/kg/day)  aldrin  in  the  diet  (Fitzhugh 
et  al.,  1964).  * 

Single  doses  of  3  to  30  mg/kg  given  during  gestation  resulted  in  increased  fetal  mortality, 
decreased  fetal  weight,  and  increased  anomalies  (cleft  palate,  webbed  foot,  and  open  eyes)  in 
both  species.  Reproductive  effects  (decreased  number  of  pregnancies  and  increased  pup 
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mortality)  were  detected  in  rats  given  0.65  to  1.3  mg/kg/day  aldrin/dieldrin  in  the  diet  prior 
to  mating  and  through  lactation  (ATSDR,  1991). 

The  USEPA  has  derived  an  oral  administered  RfD  of  3E-5  and  5E-5  mg/kg/day  for  aldrin 
and  dieldrin,  respectively  (USEPA,  1993).  These  values  are  based  on  the  NOAEL  of 
0.005  mg/kg/day  for  dieldrin  and  the  LOAEL  of  0.025  mg/kg/day  for  aldrin  for  liver  lesions 
in  rats  (Fitzhugh  et  al.,  1964;  Walker  et  al.,  1969).  The  NOAEL  for  dieldrin  was  divided 
by  an  uncertainty  factor  of  100  (10  for  interspecies  variability  and  10  for  intrahuman 
variability)  while  the  LOAEL  for  aldrin  was  divided  by  an  uncertainty  factor  of  1,000  (an 
additional  10  for  use  of  a  LOAEL)  to  derive  the  respective  RfD  values.  Confidence  in  the 
RfD  values  is  judged  to  be  medium  since  it  is  supported  by  other  studies.  A  lack  of  good 
reproductive  data  and  a  lack  of  details  in  the  critical  study  preclude  the  assignment  of  a 
higher  confidence  level  (USEPA,  1993). 

1.2  Carcinogenic  Effects 

Data  from  a  few  limited  epidemiological  studies  on  workers  exposed  to  aldrin  and  dieldrin  do 
not  establish  a  clear  relationship  between  exposure  and  carcinogenicity  (ATSDR,  1991),  and 
data  concerning  the  carcinogenicity  of  inhaled  dieldrin  in  animals  were  not  located. 

However,  the  USEPA  has  estimated  an  inhalation  cancer  slope  factor  by  extrapolation  from 
oral  data.  The  resulting  inhalation  unit  risk  is  4.6E-3  0tg/mJ)-1,  corresponding  to  a  slope 
factor  of  1.6E+1  (mg/kg/day)-1  for  dieldrin  and  4.9E-3  (ug/m3)-1  or  1.7E+1  (mg/kg/day)  for 
aldrin  (USEPA,  1993). 

Data  concerning  the  carcinogenicity  of  ingested  dieldrin  in  humans  were  not  located.  Several 
long-term  mouse  studies  have  detected  a  carcinogenic  effect  of  dieldrin.  Hepatocellular 
tumors  have  been  reported  in  both  sexes  of  several  species  of  mice  at  doses  typically  ranging 
from  0.1  to  20  ppm  (Davis,  1965;  Meierhenry  et  al.,  1983;  NCI,  1978,  Tennekes  et  al., 

1981;  Thorpe  and  Walker,  1973;  and  Walker  et  al.,  1972).  The  USEPA  has  derived  an  oral 
administered  slope  factor  of  1.6E+1  (mg/kg/day)-1  for  dieldrin  and  1.7E+1  (mg/kg/day)-1 
for  aldrin  (USEPA,  1993).  The  values  represent  the  geometric  mean  of  slope  factors 
calculated  from  several  studies  regarding  liver  tumors  in  both  sexes  of  several  species  of 
mice  (Davis,  1975;  Meierhenry  et  al.,  1983;  NCI,  1978;  Tennekes  et  al.,  1981;  Thorpe  and 
Walker,  1973;  and  Walker  et  al.,  1972).  All  slope  factors  were  within  a  factor  of  8  of  each 
other  (USEPA,  1993). 

The  USEPA  has  classified  aldrin  and  dieldrin  as  a  Group  B2  (probable  human  carcinogen) 
(USEPA,  1993).  This  classification  was  based  on  the  demonstrated  hepatocarcinogenicity  of 
dieldrin  in  mice.  The  inadequacy  of  human  data  precludes  the  assignment  of  a  classification 
of  A. 

C 
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2.0  BENZENE 

2.1  Noncarcinogenic  Effects 

2.1.1  Inhalation  Exposure 

A  number  of  epidemiological  studies  have  been  conducted  on  the  effects  of  long-term 
inhalation  exposure  to  benzene.  The  effects  are  mainly  hematological,  including  the 
destruction  of  bone  marrow  stem  cells,  impaired  differentiation  of  stem  cells,  and  the 
destruction  of  circulating  cells,  leading  to  pancytopenia  and  aplastic  anemia  (ATSDR,  1991). 
According  to  NIOSH  (1974),  occupational  exposures  to  300  to  700  ppm  are  consistently 
associated  with  blood  dyscrasias.  The  lower  limit  necessary  for  the  expression  of 
hematological  .effects  may  be  less  than  100  ppm  (USEPA,  1989).  Exposed  workers  have 
also  shown  changes  in  serum  immunoglobin  and  complement  levels,  allergic  reactions,  and 
central  nervous  system  toxicity,  including  drowsiness,  headache,  and  vertigo  (ATSDR, 

1991). 


R-4 


Hematological  changes  have  also  been  observed  in  animals  exposed  to  benzene.  Subchronic 
exposure  to  levels  of  300  to  400  ppm  produced  decreases  in  hematocrit,  increases  in  mean 
cell  volumes  and  mean  cell  hemoglobin  values,  leukopenia,  lymphocytopenia,  and  transient 
granulocytosis  (ATSDR,  1991).  Decreases  in  pluripotential  stem  cell  populations  have 
occurred  in  mice  exposed  to  levels  as  low  as  21  to  100  ppm  (Cronkite  et  al.,  1985;  Toft 
et  al.,  1982). '  Other  treatment-related  effects  in  animals  include  decrements  in  both  cell- 
mediated  and  humoral  immunities  (ATSDR,  1991).  Ward  et  al.  (1985)  reported  histological 
alterations  in  the  primary  sex  organs  of  mice  exposed  subchronically  to  300  ppm  benzene 
vapor.  Adverse  reproductive  effects  did  not  occur  at  30  ppm.  Exposure  of  animals  to  high 
concentrations  during  pregnancy  is  associated  with  skeletal  aberrations,  growth  retardation, 
and  hematopoietic  disturbances,  but  no  evidence  of  structural  terata  (ATSDR,  1991).  An 
inhalation  RfD  assessment  for  benzene  is  pending  EPA  review  (USEPA,  1993). 

2.1.2  Oral  Exposure 

The  chief  effects  of  acute  high-dose  oral  exposure  of  humans  to  benzene  are  on  the  central 
nervous  system.  Doses  above  100  mg/kg/day  have  produced  vomiting,  staggering  gait, 
delirium,  central  nervous  system  depression,  collapse  and  death.  More  moderate  doses  have 
resulted  in  dizziness,  excitadon,  headache,  pallor,  breathlessness,  weakness  and  chest 
constriction  (ATSDR,  1987). 

For  both  humans  and  animals,  the  major  toxic  effects  attributable  to  repeated  low-dose  oral 
exposure  to  benzene  involve  the  hematopoietic  and  immunological  systems  (ATSDR,  1991). 
Benzene-induced  bone  marrow  depression  is  related  to  adverse  effects  on  undifferentiated  red 
cell  and  white  cell  lines  (ATSDR,  1991).  Wolf  et  al.  (1956)  found  dose-related  decrease  in 
white  blood  cells  in  female  rats  administered  oral  doses  of  10  mg/kg/day  or  more,  No 
adverse  hematological  effects  occurred  at  1  mg/kg/day.  Decreased  white  blood  cells, 
lymphoid  depletion  in  the  spleen,  and  extramedullary  blood  cell  production  occurred  at 
higher  subchronic  oral  doses  in  rats  and  mice  (NTP,  1986). 

In  a  lifetime  bioassay,  NTP  (1986)  researchers  administered  benzene  by  gavage  to  groups  of 
rats  and  mice  of  both  sexes.  Treatment  levels  were  0,  50,  100  or  200  mg/kg/day  for  male 
rats,  and  0,  25,  50  and  100  mg/kg/day  for  all  other  groups.  Treated  rats  and  mice  showed  a 
dose-related  decrease  in  lymphocytes  throughout  the  study.  Treated  rats  and  mice  also 
showed  hyperplasia  of  the  adrenals,  Zymbal  glands,  pulmonary  alveolar  epithelium, 
Harderian  and  preputial  glans,  and/or  ovaries. 

Gavage  dosing  of  mice  with  0.5  or  1.0  mg/L  benzene/kg  on  days  6  through  15  of  gestation 
resulted  in  severe  maternal  toxicity  and  increased  number  of  resorptions,  but  no  increased 
incidence  of  structural  malformations  (Nawrot  and  Staples,  1979).  An  oral  RfD  assessment 
for  benzene  is  pending  EPA  review  (USEPA,  1993). 
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2.2 


Carcinogenic  Effects 


The  results  of  numerous  occupational  studies  (Akoy,  1977;  Infante  et  al.,  1977;  Rinsky 
et  al.,  1981,  1987;  Ott  et  al.,  1978;  Yin  et  al.,  1987;  Wong  et  al.,  1983)  indicate  an 
exposure-response  relationship  between  occupational  benzene  levels  and  the  development  of 
leukemia.  Based  on  an  analysis  of  studies  with  reasonably  satisfactory  exposure 
concentration  data,  Rinsky  et  al.  (1987)  noted  a  highly  significant  positive  trend  between 
cumulative  benzene  exposure  (ppm-years)  and  the  standardized  mortality  ration  (SMR)  for 
benzene-related  leukemias.  Infante  et  al.  (1977)  observed  that  the  occupational  exposure 
levels  associated  with  increased  SMRs  from  myelogenous  leukemias  ranged  from  10  to 
100  ppm.  Snyder  et  al.  (1980)  reported  statistically  significant  increases  in  hematopoietic 
neoplasms  in  male  mice  intermittently  exposed  to  300  ppm,  but  not  100  ppm,  benzene. 
Although  only  2/40  mice  exposed  to  300  ppm  benzene  developed  leukemia,  the  investigators 
considered  these  findings  significant  because  leukemias  are  rarely  observed  in  rodents. 

USEPA  (1993)  lists  an  inhalation  unit  risk  of  8.3E-06  Og/m3)'1,  based  on  an  earlier  EPA 
analysis  (USEPA,  1985).  The  unit  risk  is  a  geometric  mean  average  of  several  estimates 
calculated  from  occupational  data  (Rinsky  et  al.,  1981;  Ott  et  al.,  1977;  Wong  et  al,,  1983). 
This  inhalation  unit  risk  corresponds  to  a  slope  factor  of  2.9E-02  (mg/kg/day)'1,  assuming 
inhalation  of  20  mVday  of  air  by  a  70-kg  person. 

Data  concerning  the  carcinogenic  potential  of  benzene  after  oral  exposure  in  humans  were 
not  located.  Maltoni  and  Scamato  (1979)  found  increases  in  mammary  gland  tumors  in 
female  rats  and  increases  in  leukemias,  Zymbal  gland  and  oral  cavity  tumors  in  both  sexes  of 
rat  orally  exposed  for  52  weeks  to  50  to  250  mg/kg/day  of  benzene.  In  chronic  studies  in 
rats,  NTP  (1986)  reported  significant  dose-related  increases  in  Zymbal  gland  carcinomas 
(both  sexes)  and  oral  cavity  papillomas  or  carcinomas  (both  sexes)  at  oral  exposure  levels  of 
50  to  200  mg/kg/day  (males)  or  25  to  100  mg/kg/day  (females).  Groups  of  mice  chronically 
treated  with  0,  25,  50  or  100  mg/kg/day  showed  dose- related  increased  incidences  of  Zymbal 
gland  carcinomas  (both  sexes),  malignant  lymphomas  (both  sexes),  pulmonary  adenomas 
and/or  carcinomas  (both  sexes),  Harden  an  gland  adenomas  and/or  carcinoma  (both  sexes), 
preputial  gland  carcinomas,  ovarian  tumors,  and  mammary  carcinomas  and  carcinosarcomas 
(females). 

The  EPA  (USEPA  1986)  evaluated  the  available  oral  animal  carcinogenicity  data,  and 
decided  that  a  route-to-route  extrapolation  in  humans  would  provide  a  better  estimate  of  risk 
than  a  risk  estimate  based  on  interspecies  extrapolation  from  animal  studies.  Therefore, 
based  on  the  occupational  inhalation  exposure  data  (Ott  et  al.,  1978;  Rinsky  et  al.,  1981; 
Wong  et  al.,  1983),  the  oral  slope  factor  for  benzene  is  2.9E-02  (mg/kg/day)'1  (USEPA, 
1993). 

USEPA  classifies  benzene  in  Group  A  (human  carcinogen),  based  on  evidence  of 
nonlymphocytic  leukemia  in  occupational  studies,  increased  incidence  of  neoplasia  in  rats  and 
mice  exposed  orally  and  by  inhalation,  and  supporting  genotoxicity  data  (USEPA,  1993). 
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3.0 


BORON 


3.1  Noncarcinogenic  Effects 

Limited  information  from  a  single  human  study  indicate  that  exposure  to  4.1  mg  B/m3  in  air 
for  11.4  years  produces  irritation  of  the  eyes  and  respiratory  tract  (ATSDR,  1992). 
Respiratory  tract  irritation  was  also  noted  in  rats  exposed  to  470  mg  B/m3  for  6  to  24  weeks 
(ATSDR,  1992).  The  USEPA  has  not  derived  an  inhalation  RfD  for  boron  (USEPA,  1993). 

Oral  doses  of  505  mg  B/kg/day  or  more  were  lethal  to  infants  exposed  accidentally  (ATSDR, 
1992).  Animal  studies  indicate  that  reproductive  and  developmental  effects  are  of  concern 
following  oral  exposure  to  boron.  Subchronic  exposure  to  13.6  to  175.3  mg  B/kg/day 
produced  several  developmental  effects  such  as  decreased  fetal  body  weight,  skeletal  defects, 
and  resorptions  in  rats  and  mice  exposed  during  pregnancy  (ATSDR,  1992).  Reproductive 
effects,  including  testicular  atrophy,  impaired  spermatogenesis,  and  decreased  ovulation  have 
been  observed  in  rats,  mice,  and  dogs  exposed  to  26-288  mg  B/kg/day  (ATSDR,  1992).  A 
NOAEL  of  8.8  mg  B/kg/day  was  identified  for  testicular  atrophy  and  arrested 
spermatogenesis  in  dogs  (Weir  and  Fischer,  1972).  The  USEPA  derived  a  chronic  oral  RfD 
of  9E-2  mg  B/kg/day  based  on  this  NOAEL  value.  The  NOAEL  was  divided  by  an 
uncertainty  factor  of  100  to  account  for  intra-  and  interspecies  variability.  The  USEPA  rates 
a  medium  level  of  confidence  in  the  RfD  for  boron  (USEPA,  1993). 

3.2  Carcinogenic  Effects 

Data  regarding  the  carcinogenic  effects  of  boron  in  human  and  animals  exposed  by  inhalation 
were  not  located.  A  chronic  bioassay  in  mice  exposed  to  boron  in  the  diet  revealed  no 
evidence  of  carcinogenicity  (NTP,  1987).  The  carcinogenicity  assessment  for  boron  by 
USEPA  is  currently  listed  as  pending  (USEPA,  1993). 
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4.0 


CADMIUM 


4.1  Noncarcinogen ic  Effects 

Acute  inhalation  exposures  to  1  mg/m3  cadmium  for  eight  hours  may  cause  some  deaths  in 
humans.  A  large  number  of  epidemiological  studies  have  reported  renal,  pulmonary  and 
hematological  effects  associated  with  chronic  occupational  exposures  to  cadmium.  Air 
concentrations  typically  ranging  from  0.023  to  1  mg/m3  have  produced  tubular  proteinuria, 
kidney  lesions,  emphysema  and  anemic  in  chronically  exposed  workers  {Bonnell,  1955; 
Kjellstrom  et  al.,  1977;  Lauwerys  et  al.,  1974;  Mateme  et  ah,  1975;  Tsuchiya,  1967; 
ATSDR,  1991).  Based  on  the  review  of  several  epidemiological  studies,  the  World  Health 
Organization  (WHO,  1980)  estimated  a  20-year  exposure  NOAEL  of  0.007  mg/m3  for 
cadmium.  In  animals,  lung  fibrosis  and  emphysema  have  been  reported  in  rats  and  rabbits 
after  subchronic  exposure  to  0.025  and  6.5  mg/m3  cadmium,  respectively  (ATSDR,  1991). 

The  USEPA  is  currently  reviewing  an  inhalation  RfC  for  cadmium  and  is  listed  as  pending 
(USEPA,  1993).  The  ATSDR  has  derived  an  inhalation  Minimal  Risk  Level  (MRL)  of 
2E-4  mg/m3  (ATSDR,  1989).  This  values  is  based  on  a  NOAEL  of  0.017  ppm  (Jarup  et  al., 
1988)  for  renal  effects  in  humans,  and  was  divided  by  an  uncertainty  factor  of  10  to  account 
for  intrahuman  variability  (ATSDR,  1991). 

Acute  oral  doses  of  25  to  1,500  mg/kg  cadmium  have  been  reported  to  be  lethal  to  humans 
(ATSDR,  1991).  Doses  as  low  as  0.04  can  produce  gastrointestinal  distress  in  humans.  As 
with  inhalation  exposures,  the  kidney  is  the  primary  target  for  ingested  cadmium.  The  renal 
sensitivity  to  cadmium  stems  from  its  ability  to  accumulate  to  high  concentrations  at  the  renal 
cortex,  impairing  renal  function.  The  chief  sign  is  proteinuria,  but  severe  cases  can  produce 
electrolyte  imbalance  and  demineralization  of  the  bone  (ATSDR,  1991).  Post-mortem  and  in 
vivo  measurements  are  in  agreement  with  a  critical  concentration  of  200  fig  cadmium/wet 
weight  renal  cortex,  above  which  is  associated  with  significant  proteinuria  (ATSDR,  1991). 

In  Japan,  Yemagata  and  Shigematsu  (1970)  estimated  a  LOAEL  of  0.008  mg/kg/day  for 
proteinuria  and  bone  disorders  from  intake  of  cadmium  in  rice.  In  mice  and  rats,  subchronic 
and  chronic  oral  administration  of  cadmium  at  doses  typically  ranging  from  0.014  to 
5  mg/kg/day  have  resulted  in  a  variety  of  effects  including  a  suppression  of  the  immune 
system,  increased  mortality,  decreased  reproduction,  developmental  effects,  bone  mineral 
changes,  hypertension  and  damage  to  the  kidney  and  heart  (ATSDR,  1991).  Liver  changes 
were  reported  in  rabbits  following  doses  of  0.013  mg/kg/day  for  200  days  (Stowe  et  al., 
1972). 

The  USEPA  has  calculated  an  oral  RfD  of  5E-4  and  IE-3  mg/kg/day  for  cadmium  in  water 
and  food,  respectively  (USEPA,  1993).  The  USEPA  derived  NOAELs  of  0.005  (water)  and 
0.01  (food)  mg/kg/day  for  cadmium  based  on  a  toxicokinetic  model  that  assumes  2.5% 
absorption  from  food,  5%  absorption  from  water,  0.01%  elimination  of  cadmium  body 
burden/day  and  the  critical  value  of  200  fig  cadmium/gram  wet  weight  renal  cortex  (USEPA, 
1985a).  The  NOAELs  were  divided  by  an  uncertainty  factor  of  10  to  account  for  intrahuman 
variability.  Confidence  in  these  values  is  rated  high  since  they  are  based  on  data  from 
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numerous  human  and  animal  studies,  and  the  model  includes  all  relevant  pharmacokinetic 
parameters  (USEPA,  1993). 

4.2  Carcinogenic  Effects 

Epidemiological  studies  have  revealed  limited  evidence  for  an  excess  risk  of  lung  cancer  in 
cadmium-exposed  workers.  Thun  et  al.  (1985)  reported  a  two-fold  excess  risk  of  lung  cancer 
in  cadmium  smelter  workers  exposed  to  170  to  2,500  ng/m3  for  six  months  or  more.  Several 
other  studies  have  also  indicated  increased  risks  for  lung  cancer  or  prostate  cancer. 

However,  these  studies  are  limited  due  to  a  small  number  of  cases  and  exposure  to  other 
chemicals.  In  rats,  inhalation  of  12.5  to  50  ng/m?  for  18  months  produced  a  dose-dependent 
increase  in  lung  tumors  (Takenaka  et  al.,  1983).  Intratracheal  instillation  studies  have  also 
reported  increased  tumor  incidences  in  the  mammary  gland  and  prostate  in  rats  (ATSDR, 
1991;  USEPA,  1985b).  The  USEPA  (1993)  has  calculated  an  inhalation  unit  risk  of 

I. 8E-3  (ng/m3)'1  corresponding  to  a  slope  factor  of  6.1E+0  (mg/kg/day)'1  based  on  the  lung 
cancer  data  in  smelter  workers  (Thun  et  al.  1985).  Although  the  use  of  animal  data  would 
result  in  a  higher  (and  therefore,  more  conservative)  slope  factor,  USEPA  concluded  it  was 
more  appropriate  to  use  the  data  from  Thun  et  al.  (1985)  to  avoid  complications  due  to 
species  variation  and  type  of  exposure  (cadmium  salt  versus  cadmium  fume  or  oxide). 

Mortality  studies  in  humans  and  carcinogenicity  studies  in  animals  have  not  detected  any 
increased  cancer  incidences  following  oral  exposure  to  cadmium  (ATSDR,  1991;  USEPA, 
1985b).  The  USEPA  has  not  derived  an  oral  slope  factor  for  cadmium  (USEPA,  1993). 

4.3  Beneficial  Effects 

Animals  fed  low-cadmium  diets  were  reported  to  have  depressed  growth,  impaired 
reproduction  and  other  effects  (NAS,  1989).  The  Food  and  Nutrition  Board  considers  the 
evidence  for  cadmium  essentiality  to  be  weak,  and  if  it  exists,  it  is  probably  met  by  the 
typical  daily  intake  of  0.0004  mg/kg/day  in  the  diet  (ATSDR,  1991;  NAS,  1989). 
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5.0  CESIUM 

5.1  Noncarcinogenic  Effects 

Data  regarding  the  noncarcinogenic  effects  of  cesium  are  very  limited.  Acute  oral  LD50 
values  range  from  800  to  2,300  mg/kg  cesium  have  been  reported  in  mice  and  l,026to 
2,386  mg/kg  in  rats  (Stokinger,  1981).  The  LD50  value  was  somewhat  dependent  on  the 
form  (chloride,  iodide,  or  hydroxide)  of  cesium  administered.  No  data  were  located 
regarding  the  long-term  toxicity  of  cesium  in  humans  or  animals  following  inhalation  or  oral 
exposure. 
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5.2 


Carcinogenic  Effects 


No  data  were  located  regarding  the  carcinogenic  effects  of  cesium  in  humans  or  animals. 
However,  cesium  is  a  beta-emitting  radionuclide  (Stokinger,  1981).  USEPA  classifies  all 
radionuclides  as  Group  A  (human  carcinogen)  (USEPA,  1992).  USEPA  has  derived  slope 
factors  for  various  isotopes  of  cesium  ranging  from  3.9E-14  to  2.8E-11  (risk/pCi)  for 
inhalation  exposure,  4.  IE- 14  to  4.1E-11  (risk/pCi)  for  oral  exposure,  and  2.8E-9  to  8.3E-6 
(risk/yr  per  pCi/g  soil)  for  external  exposure  (USEPA,  1992). 
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6.0  CHLORDANE 

6.1  Noncarcinogenic  Effects 

Inhalation  exposure  of  workers  to  chlordane  has  produced  gastrointestinal  symptoms  similar 
to  those  for  oral  exposures,  including  hepatic  effects  (jaundice),  respiratory  effects  (chest 
pains,  tachycardia  and  dyspnea),  and  neurological  effects  (headache,  dizziness,  impaired 
vision,  incoordination,  irritability,  weakness,  and  muscle  twitching).  Exposure 
concentrations  producing  these  effects  were  not  well  documented  (ATSDR,  1989).  However, 
occupational  exposure  to  0.0012  to  0.0017  mg/m3  chlordane  for  1  to  15  years  did  not 
produce  any  adverse  effects  in  production  workers  (ATSDR,  1992). 

Only  one  animal  study  was  located  concerning  the  noncarcinogenic  effects  of  inhaled 
chlordane.  Hepatocellular  enlargement  or  vacuolization  was  noted  in  rats  exposed  to  1 
mg/m3  for  8  hours/day,  5  days/week,  for  13  weeks.  Increased  liver  weights  were  reported  in 
both  rats  and  monkeys  at  a  concentration  of  10  mg/m3.  Rats  also  displayed  minor  alterations 
in  the  thyroid  epithelium  at  this  exposure  level.  These  effects  were  not  apparent  in  either 
species  at  a  concentration  of  0. 1  mg/m3  chlordane.  No  other  effects  were  noted  in  this  study 
(VCC,  1984).  The  EPA  has  not  derived  an  inhalation  administered  RfC  or  RfD  for 
chlordane,  although  a  value  is  currently  under  review  by  a  EPA  workgroup  (EPA,  1993). 

Estimated  oral  doses  of  25-104  mg/kg  chlordane  have  caused  death  in  humans. 
Gastrointestinal  symptoms  (nausea,  cramps,  and  diarrhea)  and  neurological  effects  (headache, 
dizziness,  irritability,  confusion,  incoordination,  tremors,  seizures,  convulsions,  and  coma  in 
severe  cases)  were  reported  in  18%  of  residents  using  water  contaminated  with  0. 1-92,500 
ppb  chlordane.  Signs  of  kidney  and  lung  damage  have  also  been  reported  in  an  acute 
poisoning  case  (ATSDR,  1992). 
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Decreased  survival  has  been  reported  in  rats,  mice,  and  rabbits  following  subchronic 
ingestion  of  20.8  to  80  mg/kg/ day  chlordane.  Other  effects  including  induction  of  hepatic 
enzymes,  inhibition  of  brain  ATPase,  and  convulsions  have  been  reported  in  rats  given  oral 
doses  of  1.25  to  6.25  mg/kg/day  for  4  to  12  weeks  (ATSDR,  1989).  A  decreased  survival 
has  been  reported  in  mice  and  rats  consuming  3.9  to  6  mg/kg/day  for  80  weeks.  Hepatic 
effects  including  organ  weight  changes  and  histopathological  lesions  have  been  reported  in 
rats  and  mice  after  oral  administration  of  0.3  to  0.65  mg/kg/day  chlordane  for  18  to 
30  months.  Regional  hypertrophy  of  the  liver  was  noted  in  rats  ingesting  chlordane  at  5  ppm 
(0.273  mg/kg/day)  in  the  diet  for  30  months,  but  not  at  a  level  of  1  ppm  (0.055  mg/kg/day) 
chlordane  (VCC,  1983).  Tremors  and  a  decreased  body  weight  gain  have  been  observed  in 
rats  and  mice  consuming  7.3  to  12.1  mg/kg/day  for  80  weeks  (ATSDR,  1991).  Decreases  in 
fertility  were  noted  in  rats  after  subchronic  oral  intakes  of  16  mg/kg/day.  Developmental 
effects,  including  behavioral  alterations  and  death  within  the  first  week  of  the  nursing  period, 
occurred  in  the  offspring  of  mice  given  1  to  8  mg/kg/day  throughout  gestation  (ATSDR, 

1992) . 

The  EPA  has  derived  an  oral  administered  RfD  of  6E-5  mg/kg/day  for  chlordane  (EPA, 

1993) .  This  value  is  based  on  a  NOAEL  of  0.055  mg/kg/day  for  hepatic  effects  in  rats 
(VCC,  1983).  The  NOAEL  was  divided  by  an  uncertainty  factor  of  1,000  (10  for 
interspecies  variability,  10  for  intrahuman  variability,  and  10  for  the  lack  of  information  in  a 
second  species  and  a  lack  of  reproductive  data)  to  derive  the  RfD.  Confidence  in  this  value 
is  judged  to  be  low  due  to  the  inadequacy  of  the  data  base  (EPA,  1992). 

6.2  Carcinogenic  Effects 

Cancer  mortality  data  are  available  from  three  epidemiological  studies  on  pesticide  workers 
exposed  to  chlordane.  Of  these,  one  showed  a  marginally  significant  increase  in  mortality 
from  bladder  tumors.  These  studies  were  limited  by  inadequate  sample  sizes,  inadequate 
follow-up  duration,  and  confounding  exposures  to  other  chemicals  (EPA,  1993).  Data 
concerning  the  carcinogenic  effects  of  chlordane  after  inhalation  exposure  in  animals  were 
not  located  in  the  literature  cited  in  the  reference  section. 

The  EPA  has  derived  an  inhalation  administered  unit  risk  of  3.7E-4  (^g/m3)'1  corresponding 
to  a  slope  factor  of  1.3E+0  ( mg/kg/day  y1  for  chlordane  (EPA,  1993).  This  value  was  based 
on  the  oral  studies  reporting  increased  liver  tumors  in  mice  (NCI,  1977;  VCC,  1973).  An 
adequate  number  of  animals  was  used  in  both  studies,  and  tumors  were  noted  in  both  sexes 
of  two  species  of  mice. 

Data  concerning  the  carcinogenicity  of  ingested  chlordane  in  humans  were  not  located.  Oral 
administration  of  chlordane  has  produced  increases  in  liver  tumors  in  mice.  Doses  of  0.052- 
0.66  mg/kg/day  chlordane  in  the  diet  produced  hepatocellular  carcinomas  in  both  sexes  of 
two  species  of  mice  (NCI,  1977;  VCC,  1973).  Other  studies  have  also  shown  an  increased 
incidence  of  liver  tumors  in  mice  and  rats  exposed  to  chlordane  (ATSDR,  1992). 
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The  EPA  has  derived  an  oral  administered  slope  factor  of  1.3E+0  (mg/kg/day)'1  for 
chlordane  (EPA,  1993).  This  value  was  based  on  the  increased  liver  tumors  observed  in 
mice  (NCI,  1977;  VCC,  1973).  An  adequate  number  of  animals  was  used  in  both  studies, 
and  tumors  were  noted  in  both  sexes  of  two  species  of  mice.  The  EPA  has  classified 
chlordane  in  Group  B2:  probable  human  carcinogen  (EPA,  1992).  This  classification  was 
based  on  sufficient  evidence  of  liver  cancer  in  animals  but  inadequate  evidence  of 
carcinogenicity  in  humans. 
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7.0  CHROMIUM 

Chromium  exists  in  the  environment  mainly  as  salts  of  Cr(m)  and  as  oxy-compounds  of  Cr 
(VI).  In  general,  the  toxicity  of  Cr(III)  is  less  than  for  Cr(VI),  therefore  these  two  forms  are 
discussed  separately  below. 

7.1  Noncarcinogenic  Effects 

Chromium  fllll 

A  single  study,  reported  no  adverse  effects  on  the  kidneys  of  workers  exposed  to  75  fig 
Cr(IH)/m3  for  2  to  12  years  (ATSDR,  1991).  Little  data  are  available  describing  adverse 
effects  in  animals  following  inhalation  exposures  to  Cr(m).  Johansson  et  al.  (1986)  reported 
a  decrease  in  phagocytic  activity  in  macrophages  in  rabbits  exposed  via  inhalation  at 


R-15 


600  n g/m3  Cr(in)  [Cr(N03)3]  for  four  to  six  weeks.  ATSDR  (1991)  considers  this  value  to 
be  a  LOAEL  for  intermediate  Cr(III)  exposure.  There  is  no  inhalation  RfD  for  Cr(III)  at  this 
time  (USEPA,  1993). 

Data  concerning  the  toxicity  of  ingested  Cr(Ht)  in  humans  were  not  located.  Oral  exposures 
to  Cr(m)  compounds  are  not  associated  with  significant  toxicity  except  at  very  high  doses.  In 
rats,  acute  oral  LD^q  values  range  from  183  to  2,365  mg  Cr(TII)/kg  (ATSDR,  1991). 
Decreased  spermatogenesis  was  observed  in  male  mice  exposed  to  3.5  mg  Cr(m)/day  for 
7  weeks  (ATSDR,  1991).  Chronic  exposure  of  rats  to  water  containing  25  mg  Cr(IlI)/L 
(2.4  mg/kg/day)  for  one  year  resulted  in  no  detectable  adverse  effects  (USEPA,  1985,  1987). 
No  treatment  related  effects  were  reported  for  rats  exposed  to  doses  up  to  1 ,468  mg 
Cr(IH)/day  in  the  diet  for  two  years  (Ivankovic  and  Preussmann,  1975).  However,  in  the 
subchronic  portion  of  this  study,  the  dose  level  of  1,468  mg/kg/day  for  90  days  produced 
decreased  liver  and  spleen  weights  in  rats.  The  chronic  NOAEL  of  1 ,468  mg/kg/day  was 
used  to  derive  an  oral  RfD  of  1E+0  mg/kg/day  (USEPA,  1992).  The  NOAEL  was  divided 
by  an  uncertainty  factor  of  100  to  account  for  interspecies  and  intraspecies  variability,  and  an 
additional  modifying  factor  of  ten  was  used  to  account  for  uncertainty  in  the  NOAEL  since 
the  same  value  was  reported  as  a  LOAEL  in  the  90-day  study.  Confidence  is  rated  low  due 
to  lack  of  experimental  protocol  in  the  critical  study  and  a  lack  of  supporting  data  (USEPA, 
1993). 

Chromium  (VD 

The  respiratory  tract  is  a  target  of  intermediate  and  chronic  inhalation  exposure  to  chromium. 
Many  cases  of  nasal  mucosal  ulceration  and  nasal  septal  perforation  have  been  reported  in 
persons  occupationally  exposed  to  Cr  (VI).  Lindberg  and  Hedenstiema  (1983)  reported  that 
evidence,  of  adverse  nasal  effects  was  found  at  mean  exposure  levels  of  2  to  200  jig/m*  Cr 
(VI)  but  not  at  <  1  ng/m3  Cr  (VI).  That  a  concentration  of  about  2  ng/m3  is  an  effect  level 
is  supported  by  the  Kuperman  (1964)  study  which  reported  nasal  irritation  in  sensitive 
individuals  at  a  concentration  of  2.5  to  4  n g/m3.  Because  the  nasal  effects  observed  in  the 
Lindberg  and  Hedenstiema  (1983)  study  at  concentrations  <0.2  /ig/m3  were  mild  and  no 
effects  were  observed  at  <  1  ^ig/m3,  a  concentration  of  1  ng/m3  is  considered  a  NOAEL  for 
nasal  effects  (ATSDR,  1991).  In  animals,  respiratory  tract  effects  such  as  nasal  mucosa 
perforation,  granulomata  of  the  lungs,  bronchial  epithelial  necrosis  and  alveolar  proteinosis 
have  been  reported  in  several  species  following  exposures  typically  ranging  from  1,600  to 
4,300  ftg/m3  Cr(VT).  Immune  system  depression  was  apparent  in  rats  after  exposure  to 
200  Mg/m3  Cr(VT)  for  90  days  (ATSDR,  1991).  Using  the  LOAEL  of  0.002  mg/m3  as 
described  by  Lindberg  and  Hedenstiema  (1983),  ATSDR  derived  an  intermediate  duration 
inhalation  MRL  of  2E-05  mg/m3  (ATSDR,  1991).  An  inhalation  RfC  is  currently  under 
review  by  USEPA  (USEPA,  1993). 

» 

By  the  oral  route,  Cr  (VI)  is  somewhat  more  toxic  than  Cr(III),  with  oral  LD50  values 
ranging  from  14  to  29  mg/kg  (ATSDR,  1991).  Lethal  doses  in  humans  have  been  estimated 
to  range  from  4.1  to  29  mg/kg  (ATSDR,  1991).  However,  detrimental  effects  from  long¬ 
term  ingestion  of  low  levels  of  Cr(VI)  have  not  been  observed  (USEPA,  1987,  1985). 
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Chronic  ingestion  of  water  containing  1  mg/L  of  Cr(VI)  over  a  three-year  period  did  not 
produce  any  adverse  health  effects  in  a  Long  Island  family  drinking  from  a  private  well 
(USEPA  1985).  Nausea  was  the  only  effect  observed  in  an  individual  consuming  a  10  ppm 
solution  of  Cr(VT)  for  15  days  (ATSDR,  1991).  As  observed  for  Cr(ID),  Cr(VI)  caused  a 
decreased  in  spermatogenesis  at  doses  of  4.6  mg/kg-day  for  7  weeks  (ATSDR,  1991).  No 
adverse  health  effects  were  observed  in  rats  following  the  ingestion  of  Cr(VI)  in  drinking 
water  at  14.4  mg/kg-day  for  60  days  (USEPA  1985).  Female  dogs  administered  potassium 
chromate  (K2CrO«)  in  their  drinking  water  at  11.2  mg  Cr(VI)/L  for  four  years  showed  no 
abnormalities  in  physical  condition,  food  consumption  or  growth  rate.  Sprague-Dawley  rats 
administered  water  containing  K2Cr04  at  concentrations  up  to  25  mg  Cr(VI)/L 
(2.4  mg/kg/day)  for  one  year  exhibited  no  pathologic  effects  (MacKenzie  et  al.,  1958).  This 
study  in  rats  was  used  to  calculate  a  chronic  oral  RfD  of  5.0E-03  for  Cr(VI)  (USEPA, 

1993).  The  NOAEL  of  2.4  mg/kg/day  was  divided  by  an  uncertainty  factor  of  100  to 
account  for  interspecies  and  intraspecies  variability.  Confidence  in  this  value  is  low  due  to 
the  small  number  of  animals  used  and  parameters  measured  in  the  critical  study;  the 
supporting  studies  are  also  of  low  quality  (USEPA,  1993). 

7.2  Carcinogenic  Effects 

Chromium  (ITO 

A  single  epidemiological  study  reported  an  increased  incidence  of  lung  cancer  in  workers 
exposed  to  0.25  mg/m3  insoluble  Cr(HI)  (ATSDR,  1991).  Other  studies  have  reported 
increases  in  lung  cancer  incidence  in  workers  exposed  to  mixtures  of  Cr(m)  and  Cr(VI), 
however,  these  cancers  are  mainly  attributed  to  exposure  to  CrVI  (ATSDR,  1991). 
Chromium  (HI)  has  not  been  evaluated  by  EPA  for  human  carcinogenic  potential  (USEPA, 
1993). 

Chromium  (YD 

Results  of  several  epidemiologic  studies  consistently  link  inhalation  of  Cr  (VI)  to  increased 
incidences  of  lung  tumors  (USEPA,  1993).  Increases  in  lung  cancer  incidence  have  been 
observed  in  workers  exposed  to  0.04  to  0.5  mg  Cr(VI)/m3  (ATSDR,  1991).  Some  studies, 
however,  did  not  attempt  to  determine  between  exposures  to  Cr  III  or  Cr  VI  but  there  is 
sufficient  evidence  in  other  occupational  studies  to  attribute  the  carcinogenic  potential  to 
Cr  (VI). 

Sufficient  animal  data  also  exist  to  conclude  that  Cr  (VI)  is  carcinogenic  by  a  number  of 
routes  (intramuscular  injection  site  tumors,  intrapleural  implant  site  tumors,  intrabronchial 
implantation  site  tumors  and  subcutaneous  injection  site  sarcomas  (USEPA,  1993)). 

* 

Chromium  (VI)  has  been  assigned  a  weight-of-evidence  classification  of  A  (a  human 
carcinogen)  by  the  inhalation  route  (USEPA,  1993).  An  inhalation  unit  risk  of  1 .2E-2 
(^g/m3)'1  corresponding  to  a  slope  factor  of  4.2E+01  (mg/kg-day)*1  was  calculated  by 
USEPA  from  available  epidemiological  studies  that  indicate  a  dose-response  relationship 
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between  Cr(VT)  and  lung  cancer.  There  is  no  convincing  evidence  that  oral  exposure  to 
Cr(VT)  is  carcinogenic  (USEPA,  1987). 

7.3  Beneficial  Effects 

Chromium  (HI)  produces  beneficial  effects  when  administered  to  animals  fed  a  chromium 
deficient  diet.  Beneficial  effects  include  enhanced  glucose  uptake,  decreased  blood 
cholesterol  levels  and  increased  life  span.  An  estimated  safe  and  adequate  human  intake  for 
Cr(TII)  of  50  to  200  fig/day  has  been  calculated  by  the  National  Academy  of  Sciences  (NAS 
1989).  The  average  daily  intake  of  chromium  in  the  U.S.  is  about  60  to  100  fig/ day,  mostly 
in  food. 
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8.0  COBALT 

8.1  Noncarcinogenic  Effects 

Respiratory  effects  including  irritation,  wheezing,  asthma,  pneumonia,  and  fibrosis  have  been 
documented  in  workers  exposed  to  0.003  to  0.893  mg/m3  cobalt  in  workplace  air  (Shirakawa 
et  al.,  1988;  Sprince  et  al.,  1988).  Chronic  exposure  to  0.038  mg/m3  resulted  in  reduced 
ventilatory  function  due  to  bronchial  obstruction.  One  case  report  details  the  death  of  a 
metal  worker  due  to  cardiomyopathy  (see  oral  effects),  accompanied  by  hepatic,  renal,  and 
conjunctival  congestion  following  a  four  year  exposure  to  an  undetermined  concentration  of 
cobalt.  High  cobalt  concentration  were  reported  in  this  worker’s  tissues.  Concentrations  as 
low  as  0.007  mg/m3  have  been  shown  to  produce  cobalt  sensitization  in  some  metal  workers 
(ATSDR,  1990). 

Deaths  have  been  produced  in  rats  and  hamsters  at  exposure  concentrations  ranging  from  9  to 
83  mg/m3.  Subchronic  exposure  to  9  mg/m3  cobalt  dust  has  resulted  in  lung  inflammation, 
increased  hemoglobin,  and  weight  loss  in  rats,  guinea  pigs,  or  dogs.  Rabbits  and  pigs  have 
developed  lung  inflammation  or  EKG  changes  at  exposures  ranging  from  0.1  to  0.4  mg/m3 
cobalt  (ATSDR,  1990).  The  concentrations  producing  these  effects  are  at  least  one  order  of 
magnitude  greater  than  those  required  to  produce  similar  effects  in  humans.  The  USEPA  has 
not  derived  an  inhalation  RfC  or  RfD  for  cobalt. 

Fatalities  have  occurred  in  humans  consuming  beer  containing  cobalt  (II)  sulfate  (added  as  an 
anti-foaming  agent  in  the  1960s)  for  a  number  of  years.  Assuming  an  intake  of  8  to  30  pints 
of  beer  per  day,  the  resulting  intake  of  cobalt  was  0.04  to  0,14  mg/kg/day.  Death  was 
attributed  to  cardiomyopathy  as  characterized  by  sinus  tachycardia,  left  ventricular  failure, 
cardiogenic  shock,  diminished  myocardial  compliance,  no  myocardial  response  to  exercise  or 
catecholamine,  enlarged  heart,  pericardial  effusion,  and  extensive  intracellular  changes.  It 
should  be  noted  that  other  etiological  factors  including  heavy  alcohol  consumption  and 
nutritional  status  may  also  have  contributed  to  these  effects,  since  administration  of 
1  mg/kg/day  to  healthy  individuals  for  up  to  32  weeks  did  not  result  in  any  cardiac  injury. 

A  number  of  other  organ  systems  were  also  affected  in  the  cobalt-beer  drinkers  including  the 
lungs  (rales  and  edema),  gastrointestinal  system  (nausea,  vomiting  and  diarrhea),  and  liver 
(necrosis  and  enzyme  level  changes)  (Alexander,  1969,  1972;  Morin  et  al.,  1971).  Intakes 
of  0.16  to  1.0  mg/kg/day  cobalt  have  been  reported  to  cause  an  increased  production  of  red 
blood  cells  in  humans.  Severe  visual  impairment  (optic  atrophy  and  impaired  choroidal 
perfusion)  were  noted  in  a  man  given  1.3  mg/kg/day  for  several  weeks.  Doses  of 
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0.54  mg/kg/day  for  10  to  25  days  have  resulted  in  an  interference  of  iodine  uptake  by  the 
thyroid  in  humans.  Sensitization  to  cobalt  resulting  in  eczema  has  been  observed  after  oral 
exposures  as  low  as  0.014  mg/kg/day  (ATSDR,  1990).  No  developmental  effects  were  noted 
in  human  fetuses  when  pregnant  women  were  treated  with  0.6  mg/kg/day  cobalt  for  90  days 
to  raise  hematocrit  and  hemoglobin  levels  (ATSDR,  1990). 

In  general,  effects  similar  to  those  observed  in  humans  have  also  been  observed  in  animals, 
but  at  doses  1  to  2  orders  of  magnitude  higher  than  those  required  to  produce  effects  in 
humans.  Increased  hematocrit  and  red  blood  cell  count,  cardiomyopathy  and  degeneration, 
hepatic  and  renal  necrosis,  and  behavioral  changes  have  been  reported  in  rats,  guinea  pigs,  or 
dogs  at  subchronic  oral  doses  typically  ranging  from  5  to  26  mg/kg/day  cobalt  (ATSDR, 
1990).  Several  studies  on  adult  rats  have  indicated  that  oral  doses  of  5.7  to  30.2  mg/kg/day 
for  2  to  3  months  can  produce  testicular  degeneration  and  atrophy  (ATSDR,  1990).  The 
USEPA  has  not  derived  an  oral  administered  RfD  for  cobalt. 

8.2  Carcinogenic  Effects 

One  occupational  study  reported  a  nonstatistically  significant  increase  in  the  incidence  of  lung 
cancer  death  in  workers  exposed  to  cobalt  compared  to  an  unexposed  control  group. 
Intermittent  lifetime  exposure  to  7.9  mg/m3  cobalt  did  not  produce  an  increased  incidence  of 
tumors  in  hamsters.  Tumors  have  been  induced  in  animals  following  intramuscular, 
subcutaneous,  or  intrathoracic  injection  of  cobalt,  however  the  significance  of  these  studies  is 
uncertain  (ATSDR,  1990). 

The  U.S.  has  not  derived  an  inhalation  administered  unit  risk  for  cobalt. 

Data  concerning  the  carcinogenicity  of  ingested  cobalt  in  humans  or  animals  were  not 
located.  The  USEPA  has  not  evaluated  cobalt  for  its  carcinogenic  potential  in  humans. 

8.3  Beneficial  Effects 

By  itself,  cobalt  is  not  an  essential  trace  mineral.  However,  cobalt  is  an  integral  part  of 
vitamin  Bn.  Vitamin  B12  is  essential  for  normal  growth  and  development.  Higher  plants  and 
animals  cannot  synthesize  vitamin  B12  and  therefore  rely  on  its  synthesis  by  bacteria.  A 
cobalt  deficient  diet  can  produce  vitamin  Bn  deficiency  in  ruminant  animals  that  depend 
entirely  on  their  bacteria  for  their  vitamin  Bn  intake.  This  may  also  be  true  for  strict 
vegetarians.  However,  since  the  human  diet  is  rarely  deficient  in  vitamin  B,2  (provided 
primarily  by  the  intake  of  animal  products  where  vitamin  Bl2  has  accumulated  from  bacterial 
synthesis)  the  Food  and  Nutrition  Board  does  not  consider  it  necessary  to  establish  an  RDA 
for  cobalt  (FNB,  1989). 
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9.0  CYANIDE 

9.1  Noncarcinogenic  Effects 

Cyanide  (CN)  is  a  general  cellular  poison  which  acts  by  binding  in  place  of  oxygen  to  heme- 
containing  enzymes.  In  particular,  cyanide  binds  to  mitochondrial  cytochrome  oxidase, 
thereby  blocking  the  cell’s  ability  to  oxidize  metabolites  and  generate  energy.  Many  tissues 
are  affected  by  exposure  to  cyanide,  but  the  nervous  system  is  usually  the  most  sensitive. 
Symptoms  of  acute  cyanide  toxicity  include  a  dry  burning  throat,  suffusing  warmth,  rapid 
breathing,  gasping,  tremors  and  convulsions. 

9.1.1  Inhalation  Exposure 

Information  on  the  effects  of  inhalation  exposure  to  cyanide  is  limited.  Concentrations  of 
135  to  543  ppm  in  air  are  fatal  to  humans  for  acute  exposures  (ATSDR,  1991).  Chronic 
exposure  of  humans  to  cyanide  in  the  workplace  has  been  associated  with  thyroid 
abnormalities  (El  Ghawabi  et  al.,  1975)  and  increased  incidence  of  nonspecific  symptoms 
such  as  headache  and  nausea  (Blanc  et  al.,  1985).  Eye  irritation,  visual  impairment  and 
delayed  memory  were  noted  in  workers  exposed  to  0. 19  ppm  CN  (ATSDR,  1991).  The 
USEPA  has  not  determined  an  RfC  or  RfD  for  inhalation  exposure  to  cyanide  (USEPA, 
1993). 
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9.1.2 


Oral  Exposure 


The  fatal  oral  dose  in  humans  ranges  from  0.5  to  2.9  mg  CN/kg  (USEPA,  1987).  Acute 
exposure  to  15  to  22.7  mg  CN/kg  produced  a  number  of  effects  in  humans  including 
vomiting,  atrial  fibrillation,  hyperventilation,  stupor  and  coma  (ATSDR,  1991).  In  rats,  a 
two-year  dietary  study  did  not  detect  any  significant  adverse  health  effects  at  doses  up  to 
10.8  mg  CN/kg-day  (Howard  and  Hazal,  1955).  Other  studies  have  reported  neurological 
effects  such  as  behavior  changes,  hyperactivity  and  lethargy  in  rats  and/or  pigs  exposed  to 
0. 14  to  14.5  mg  CN/kg/day  (ATSDR,  1991).  Rats  consuming  30  mg  CN/kg-day  for  one 
year  had  myelin  and  thyroid  degeneration  as  well  as  weight  loss  (Philbrick  et  ah,  1979). 
Based  upon  the  NOAEL  of  10.8  mg  CN/kg-day  from  the  Howard  and  Hazal  study,  the 
USEPA  has  calculated  a  chronic  oral  RfD  for  cyanide  of  2E-2  mg/kg-day.  The  NOAEL  was 
divided  by  an  uncertainty  factor  of  100  to  account  for  interspecies  and  intraspecies  variation, 
and  by  a  modifying  factor  of  5  to  account  for  the  apparent  tolerance  to  cyanide  observed 
when  administered  with  food.  The  USEPA  has  medium  confidence  in  this  value  (USEPA, 
1993).  The  RfD  is  also  considered  to  be  suitable  for  evaluating  subchronic  oral  exposure  to 
cyanide  (USEPA,  1992). 

9.2  Carcinogenic  Effects 

No  human  or  animal  data  were  located  regarding  the  carcinogenic  potential  of  cyanide 
(ATSDR,  1991).  The  USEPA  (1993)  has  assigned  cyanide  a  weigh t-of-evidence 
classification  of  D  (not  classifiable)  based  on  the  fact  that  pertinent  information  regarding 
potential  carcinogenic  effects  of  cyanide  were  not  located  in  the  available  literature. 
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10.0  DDD 

DDD  is  the  acronym  for  l,l-dichloro-2,2-bis(p-chIorophenyl)-ethane. 

10.1  Noncarcinogenic  Effects 

Data  concerning  the  toxicity  of  inhaled  DDD  in  humans  or  animals  were  not  located. 

Data  concerning  the  toxicity  of  ingested  DDD  in  humans  were  not  located  in  the  literature 
cited  in  the  reference  section.  In  rats,  Hamid  et  al.  (1974)  administered  121  mg/kg/day 
DDD  for  16  days  and  noted  plaque  and  rosette  forming  cells  in  the  thymus  and  spleen  and 
atrophy  of  the  thymus,  which  are  indicative  of  an  immunological  effect.  Another  study 
reported  decreased  hepatic  enzymic  hydroxylation  activities  in  mice  given  26  mg/kg/day 
DDD  for  1  week,  but  this  was  not  judged  to  be  an  adverse  effect  (ATSDR  1992).  In  female 
rats,  oral  administration  of  28  mg/kg/day  DDD  on  days  15  to  19  of  gestation  resulted  in 
delayed  vaginal  opening,  altered  adrenal  weight,  and  loss  of  the  corporal  lutea  in  the 
offspring  (Gellert  and  Heinrichs,  1975).  The  National  Cancer  Institute  (NCI  1978)  did  not 
report  any  adverse  effects  on  the  respiratory,  cardiovascular,  gastrointestinal,  hematological, 
hepatic,  and  renal  systems  in  mice  at  doses  of  up  to  107  mg/kg/day  for  2  years  or  rats  at 
doses  of  up  to  165  mg/kg/day  DDD  for  2  years.  The  USEPA  has  not  derived  a  chronic  oral 
RfD  for  DDD  (USEPA  1993). 

10.2  Carcinogenic  Effects 

Data  concerning  the  carcinogenic  effects  of  DDD  after  inhalation  exposure  in  humans  or 
animals  were  not  located  in  the  literature  cited  in  the  reference  section. 

Data  concerning  the  carcinogenic  effects  of  DDD  after  oral  exposure  in  humans  were  not 
located  in  the  literature  cited  in  the  reference  section.  Oral  exposure  to  DDD  has  resulted  in 
increased  tumors  in  the  lung  tissue  of  male  and  female  mice  at  doses  of  32.5  mg/kg/day  or 
more  (Tomatis  et  al.,  1974),  the  liver  tissue  of  male  and  female  mice  at  doses  of 
32  mg/kg/day  or  more  (NCI,  1978;  Tomatis  et  al.,  1974),  and  thyroid  tissue  of  male  rats  at 
doses  of  85  mg/kg/day  or  more  (NCI,  1978).  The  USEPA  has  derived  an  oral  slope  factor 
of  2.4E-1  (mg/kg/day)'1  for  DDD  (USEPA,  1993).  This  value  is  based  on  the  development 
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of  liver  tumors  in  male  mice  (Tomatis  et  al.,  1974),  This  slope  factor  is  within  a  factor  of 
two  of  the  slope  factors  for  structurally  similar  chemicals  DDE  and  DDT  for  the  same  tissue 
site  (USEPA,  1993). 

The  USEPA  has  classified  DDD  in  Group  B2:  probable  human  carcinogen  (USEPA,  1993). 
This  classification  is  based  on  the  carcinogenic  effects  of  DDD  in  the  lung,  liver,  and  thyroid 
tissue  in  mice  and/or  rats.  In  addition,  structurally  similar  chemicals  such  as  DDT  and  DDE 
are  also  considered  to  be  probable  human  carcinogens. 
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11.0  DDE 

DDE  is  the  acronym  for  l,l-dichloro-2,2-bis(p-chlorophenyl)-ethylene. 

11.1  Noncarcinogenic  Effects 

Data  concerning  the  toxicity  of  inhaled  DDE  in  humans  or  animals  were  not  located. 

Data  concerning  the  toxicity  of  ingested  DDE  in  humans  were  not  located.  Hepatic  effects 
including  increased  liver  weight,  increased  total  protein,  and  increased  enzyme  levels  were 
reported  in  mice  following  a  1  week  exposure  to  26  mg/kg/day  DDE  in  the  diet  (Pasha, 
1981).  In  hamsters  and  rats,  chronic  exposure  to  12  to  80  mg/kg/day  DDE  resulted  in  liver 
necrosis  (Cabral  et  al.,  1982;  NCI,  1978;  Rossi  et  al.,  1983).  This  effect  was  not  observed 
in  mice  at  a  dose  of  34  mg/kg/day  DDE  in  the  diet  for  78  weeks  (NCI,  1978).  One  study  in 
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rats  noted  an  increased  neonatal  body  weight  after  exposure  to  28  mg/kg/day  DDE  on  days 
15  to  19  of  gestation  (Gellert  and  Heinrichs,  1975).  The  USEPA  has  not  derived  a  chronic 
oral  RfD  for  DDE  (USEPA,  1993). 

11.2  Carcinogenic  Effects 

Data  concerning  the  carcinogenicity  of  inhaled  or  ingested  DDE  in  humans  were  not 
located.  Oral  exposure  to  DDE  has  resulted  in  increased  tumors  in  the  liver  tissue  of  male 
and  female  mice  at  doses  as  low  as  19  mg/kg/day  and  in  hamsters  at  doses  of  as  low  as 
41.5  mg/kg/day  DDE  in  the  diet  (NCI,  1978;  Rossi  et  al.,  1983;  Tomatis  et  al.,  1974).  A 
statistically  significant  trend  for  thyroid  tumors  has  also  been  noted  in  female  rats  given  diets 
containing  242  to  462  ppm  DDE  in  the  diet  (NCI,  1978). 

The  USEPA  has  derived  an  oral  slope  factor  of  3.4E-1  (mg/kg/day)'1  for  DDE  (USEPA, 
1993).  This  value  is  based  on  the  development  of  liver  tumors  in  mice  and  hamsters  (NCI, 
1978;  Rossi  et  al.,  1983;  Tomatis,  1974).  This  slope  factor  is  within  a  factor  of  two  of  the 
slope  factors  for  structurally  similar  chemicals  DDD  and  DDT  for  the  same  tissue  site 
(USEPA,  1993).  The  USEPA  has  classified  DDE  in  Group  B2,  probable  human  carcinogen 
(USEPA,  1993).  This  classification  is  based  on  the  carcinogenic  effects  of  DDE  in  the  liver 
and  thyroid  tissue  in  mice,  hamsters,  and  rats.  In  addition,  structurally  similar  chemicals 
such  as  DDT  and  DDD  are  also  considered  to  be  probable  human  carcinogens. 
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12.0  DDT 

DDT  is  the  acronym  for  l,l,l-trichlor-2,2-bis(p-chlorophenyl)ethene. 

12.1  Noncarcinogenic  Effects 

Data  concerning  the  toxicity  of  inhaled  DDT  in  humans  or  animals  were  not  located. 

The  nervous  system  is  the  primary  target  system  for  ingested  DDT  in  humans.  Ingestion  of 
6  mg/kg  has  produced  perspiration,  headache  and  nausea,  while  doses  of  10  mg/kg  DDT 
have  resulted  in  vomiting  in  humans.  Convulsions  have  been  reported  in  individuals 
consuming  16  mg/kg  DDT  (Hsieh,  1954).  Velbinger  (1947a,  1947b)  noted  altered  facial 
sensitivity  after  oral  doses  of  3,6  to  7. 1  mg/kg;  malaise,  impaired  gait,  cold  moist  skin  and 
contact  hypersensitivity  at  doses  of  10.7  to  14.3  mg/kg,  and  a  prickling  sensation  in  the  face, 
impaired  equilibrium,  confusion,  tremors,  malaise,  headache,  fatigue  and  vomiting  in 
subjects  ingesting  21.4  mg/kg  DDT.  Serum  antibody  levels  were  higher  in  humans  ingesting 
0.07  mg/kg/day  DDT  for  20  days  compared  to  controls,  when  challenged  with  Salmonella 
typhimurium,  however  the  toxicological  significance  of  this  observation  is  uncertain  (Shiplov 
et  al.,  1972).  Accidental  intakes  of  4.1  to  24.5  mg/kg  have  produced  tachycardia  in  humans. 
Doses  of  up  to  285  mg/kg  have  not  resulted  in  any  fatalities  in  adults,  although  one  child 
died  following  consumption  of  1  ounce  of  a  5%  DDT  solution  in  kerosene  (ATSDR,  1992). 
Hayes  et  al.,  (1959)  did  not  find  any  adverse  effects  on  the  hepatic,  hematological,  and 
cardiovascular  systems  of  humans  after  a  12  to  18  month  exposure  to  0.61  mg/kg/day  DDT. 

A  great  deal  of  information  is  available  on  the  effects  of  orally  ingested  DDT  in  animals. 
Liver  lesions  and  necrosis  have  been  reported  in  rats  following  the  oral  administration  of 
0.25  to  3.75  mg/kg/day  DDT  for  27  to  36  weeks  (ATSDR,  1992;  Laug  et  al.,  1950).  These 
effects  were  not  noted  at  doses  of  0.05  mg/kg/day  DDT  (Laug  et  al.,  1950).  Hepatic  effects 
including  amyloidosis,  hypertrophy,  and  necrosis  have  also  been  reported  in  mice,  hamsters, 
monkeys  and/or  dogs  at  chronic  oral  doses  ranging  from  2.9  to  80  mg/kg/day  DDT. 
Hemolysis,  congestion  of  the  spleen,  and  tremors  were  noted  in  rats  after  chronic  exposures 
to  10  to  11  mg/kg/day  DDT.  Doses  of  0.18  to  121  mg/kg/day  DDT  have  resulted  in 
immunological  effects  such  as  atrophy  of  the  thymus,  decreased  antibody  titer,  and  decreased 
mast  cells  in  rabbits,  mice  and  rats.  A  decreased  brain  lipid  content  was  reported  in 
monkeys  following  oral  exposure  to  10  mg/kg/day  DDT  for  100  days  (ATSDR,  1992). 
Increased  offspring  mortality,  decreased  fertility,  decreased  litters,  decreased  uterine  weight, 
and  increased  estrus  cycle  have  been  reported  in  rats  and  mice  at  doses  ranging  from  0.35  to 
32.5  mg/kg/day  DDT  administered  for  subchronic  to  chronic  durations  (ATSDR,  1992). 
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Doses  of  0.5  to  26  mg/kg/day  DDT  have  resulted  in  decreased  ovary  weight,  increased 
resorptions,  decreased  fetal  weight,  decreased  growth,  decreased  learning,  premature 
puberty,  decreased  survival  and  tail  abnormalities  in  rats,  mice,  rabbits  and/or  dogs 
(ATSDR,  1992).  Other  animal  studies  have  reported  no  adverse  effects  at  doses  of  up  to 
165  mg/kg/day  DDT  (ATSDR,  1992).  The  USEPA  has  derived  a  chronic  oral  RfD  of 
5.0E-04  mg/kg-day  (USEPA,  1993).  This  RfD  is  based  on  the  NOAEL  OF  0.5  mg/kg-day 
in  rats  (Laug  et  al.,  1950)  using  an  uncertainty  factor  of  100  to  account  for  inter-  and 
intraspecies  variability.  The  USEPA  places  medium  confidence  in  this  RfD  (USEPA,  1993). 

12.2  Carcinogenic  Effects 

Data  from  existing  epidemiological  studies  on  DDT  exposed  workers  do  not  indicate  an 
association  between  DDT  exposure  and  cancer  development.  However,  limitation  such  as 
inadequate  exposure  and  observation  durations,  inadequate  quantification  of  exposure,  and 
exposure  to  other  chemicals  do  not  allow  for  any  conclusions  to  be  made  from  these  studies 
(USEPA,  1993).  Recently,  exposure  to  DDT  has  been  linked  to  an  increased  risk  of  breast 
cancer  in  women  (Wolff  et  al.,  1993).  Data  concerning  the  carcinogenic  effects  of  DDT 
after  inhalation  exposure  in  animals  were  not  located  in  the  literature  cited  in  the  reference 
section.  The  USEPA  has  derived  a  chronic  inhalation  unit  risk  of  9.7E-6  (/xg/m3)"1  for  DDT 
(USEPA,  1993).  This  value  is  based  on  the  oral  studies  which  demonstrate  a  carcinogenic 
effect  in  the  liver  of  rats  and  mice  (Cabral  et  al.,  1982;  Rossi  et  al.,  1977;  Terracini  et  al., 
1973;  Tomatis  and  Turusov,  1975;  Thorpe  and  Walker,  1973;  Turusov  et  al.,  1973). 

Data  concerning  the  carcinogenicity  of  ingested  DDT  in  humans  were  not  located.  Nine 
studies  in  mice  and  rats  have  demonstrated  a  carcinogenic  effect  in  the  liver  for  DDT  at 
doses  as  low  as  0.26  mg/kg/day  (Cabral  et  al.,  1982;  Innes  et  al.,  1969;  Kashyap  et  al., 
1977;  Rossi  et  al.,  1977;  Terracini  et  al.,  1973;  Thorpe  and  Walker,  1973;  Tomatis  and 
Turusov,  1975;  Turusov  et  al.,  1973;  Walker  et  al.,  1973).  Two  of  these  studies  also 
demonstrated  tumor  development  in  the  lungs  of  mice.  Hamsters,  who  can  not  metabolize 
DDT  to  DDE  or  DDD,  did  not  develop  tumors  when  chronically  exposed  to  DDT. 

Exposure  of  dogs  and  monkeys  also  did  not  result  in  tumor  development  (USEPA,  1993). 
The  USEPA  has  derived  an  oral  slope  factor  of  3.4E-1  (mg/kg/day)'1  for  DDT  (USEPA, 
1993).  This  value  represents  a  geometric  mean  of  six  slope  factors  based  on  the 
development  of  liver  tumors  in  mice  and  rats  (Cabral  et  al.,  1982;  Rossi  et  al.,  1977; 
Terracini  et  al.,  1973;  Tomatis  and  Turusov,  1975;  Thorpe  and  Walker,  1973;  Turusov  et 
al.,  1973). 

The  USEPA  has  classified  DDT  in  Group  B2  (probable  human  carcinogen)  (USEPA,  1993). 
This  classification  is  based  on  the  carcinogenic  effects  of  DDT  in  the  liver  and  lung  tissue  in 
mice  and/or  rats. 
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13.0  DIBENZOFURAN 

No  data  were  located  regarding  the  noncarcinogenic  or  carcinogenic  effects  of  dibenzofuran 
in  humans  or  animals. 

14.0  ENDOSULFAN 

14.1  Noncarcinogenic  Effects 

Information  regarding  the  effects  endosulfan  in  humans  after  inhalation  exposure  are  limited 
to  a  few  studies  which  report  neurological  effects  (EEG  abnormalities,  convulsions,  brain 
damage)  in  workers  exposed  to  insecticides  containing  endosulfan  (ATSDR,  1990). 

Exposure  to  endosulfan  was  not  quantifiable  in  these  cases.  No  studies  were  located 
regarding  effects  in  animals  after  inhalation  exposure  to  endosulfan. 

A  few  case  studies  have  reported  neurological  effects  (hyperactivity,  tremors,  dyspnea, 
salivation,  and  convulsions)  in  humans  after  acute  oral  exposure  to  endosulfan  (ATSDR, 
1990).  Doses  associated  with  these  types  of  effects  in  humans  were  not  quantifiable.  Studies 
in  animals  indicate  that  effects  on  the  liver,  kidneys,  and  reproductive  system  are  of  concern 
following  oral  exposure  to  endosulfan.  Hepatic  and  renal  effects  such  as  changes  in  organ 
weight,  enzyme  levels,  and  histopathology  were  noted  in  rats  administered  subchronic  doses 
of  0.15-23.4  mg/kg/day  endosulfan  (ATSDR,  1990).  Testicular  atrophy  and  ovarian  cysts 
were  noted  in  male  and  female  mice  chronically  exposed  to  0.46  and  0.26  mg/kg/day, 
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respectively  (ATSDR,  1990).  The  USEPA  derived  a  chronic  oral  RfD  of  5E-5  mg/kg/day 
for  endosulfan  (USEPA,  1993).  The  RfD  is  based  on  a  LEL  of  0. 15  mg/kg/day  for  kidney 
toxicity  in  rats  (American  Hoeschst,  1984).  The  LEL  value  was  divided  by  an  uncertainty 
factor  of  1,000  to  account  for  inter-  and  intraspecies  variability,  lack  of  a  NOEL  value,  and 
lack  of  a  complete  database  for  chronic  oral  exposures  to  endosulfan.  This  RfD  has  been 
withdrawn  from  IRIS  and  a  new  one  is  in  preparation  (USEPA,  1993). 

14.2  Carcinogenic  Effects 

Data  regarding  the  carcinogenic  effects  of  endosulfan  in  humans  and  animals  after  inhalation 
exposure  were  not  located. 

No  studies  were  located  regarding  the  carcinogenic  effects  of  endosulfan  in  humans  after  oral 
exposure.  Studies  in  rats  and  mice  did  not  detect  any  tumor  incidences  in  exposed  animals 
that  were  elevated  above  controls  (NCI,  1978).  The  USEPA  has  not  evaluated  the 
carcinogenicity  of  endosulfan  (USEPA,  1993). 
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15.0  ENDRIN 

15.1  Noncarcinogenic  Effects 

The  central  nervous  system  is  the  primary  target  for  inhaled  endrin  in  humans.  Symptoms 

such  as  twitching  and  jerking  muscles,  dizziness,  confusion,  and  epileptiform  seizures  can 
occur  within  2  hours  following  an  occupational  exposure.  Recovery  from  these  symptoms 
usually  occurs  1  to  3  days  after  removal  from  exposure.  Abnormal  EEGs  can  occur  without 
any  clinical  symptoms,  and  return  to  normal  following  1  to  6  months  after  removal  from  the 
exposure.  Exposure  levels  causing  these  effects  were  not  described  (ATSDR,  1989).  One 
epidemiological  study  showed  a  significantly  increased  incidence  of  nonmalignant  respiratory 
system  disease  in  aldrin/dieldrin/endrin  workers.  However,  this  study  is  limited  by  the  fact 
that  exposure  to  other  chemicals  had  occurred.  Elevated  liver  function  tests  were  found  in 
7/592  aldrin/dieldrin/endrin  manufacturer  workers  (ATSDR,  1989). 
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One  animal  study  was  located  concerning  the  noncarcinogenic  effects  of  inhaled  endrin. 

Treon  et  al.  (1955)  reported  increased  mortality  in  mice  and  rabbits  exposed  to  0.36  ppm 
endrin  for  185  days.  This  effect  was  accompanied  by  signs  of  hepatic  and  renal  degeneration 
in  both  species.  In  addition,  rabbits  experienced  pneumonitis  and  signs  of  neurological 
degeneration.  The  USEPA  has  not  derived  an  inhalation  RfD  or  RfC  due  to  insufficient  data 
(USEPA,  1993). 

The  central  nervous  system  is  the  primary  target  dssue  in  humans  exposed  by  the  oral  route. 
Symptoms  including  a  jerking  of  arms  and  legs,  tonic-clonic  contractions,  convulsions  and 
collapse.  A  dose  of  171  mg/kg  was  sufficient  to  cause  death  in  one  human  poisoning  case 
(ATSDR,  1989). 

An  increased  mortality  rate  was  observed  in  dogs,  mice,  and  rats  at  chronic  oral  doses 
ranging  from  0.13  to  0.625  mg/kg/day.  Dogs  appear  to  be  the  most  sensitive  to  the  hepatic 
and  neurological  effects  of  endrin.  Dogs  that  received  0.05  to  0.10  mg/kg/day  endrin  for 
2  years  experienced  occasional  convulsions,  slightly  increased  liver  weights  and  mild 
vacuolization  of  hepatic  cells.  These  effects  were  not  observed  at  a  dose  level  of 
0.025  mg/kg/day  endrin  (VCC,  1969).  An  earlier  study  confirms  this  NOAEL  of 
0.025  mg/kg/day  for  renal  (enlarged  kidney)  and  cardiovascular  (enlarged  heart)  effects 
(Treon  et  al.,  1955).  Neurological  effects  (hyperexcitability  and  convulsions)  have  been 
observed  in  dogs,  mice  and  rats  at  doses  ranging  from  0.2  to  0.6  mg/kg/day.  The 
neurological  effects  were  not  evident  at  doses  of  0.1  to  0.3  mg/kg/day  endrin.  Studies  in 
mice  and  hamsters  indicate  that  orally  administered  endrin  can  produce  developmental 
effects.  Doses  ranging  from  2.5  to  7  mg/kg/day  caused  extra  ribs,  fused  ribs,  webbed  feet, 
and  cleft  palate  in  both  species.  A  decreased  fetal  weight  occurred  after  pregnant  mice  were 
exposed  to  1  mg/kg/day  endrin  (ATSDR,  1989). 

The  USEPA  has  derived  a  chronic  oral  administered  reference  dose  of  3E-4  mg/kg/day  for 
endrin  (USEPA,  1993).  This  value  is  based  on  the  LOAEL  of  0.025  mg/kg/day  for  hepatic 
and  neurological  effects  in  dogs  (VCC,  1969).  The  RfD  value  was  derived  by  dividing  the 
LOAEL  by  an  uncertainty  factor  of  100  (10  for  interspecies  variability,  10  for  interhuman 
variability).  Confidence  in  this  value  is  judged  to  be  medium.  There  are  good  supporting 
chronic  data,  but  the  lack  of  reproductive  effect  data  limits  a  higher  confidence  (USEPA, 
1993). 

15.2  Carcinogenic  Effects 

Several  epidemiological  studies  did  not  detect  a  correlation  between  occupational  exposure  to 
endrin  and  increased  cancer  risk.  However,  these  studies  were  limited  by  the  small  number 
of  cases  and  short  follow-up  periods  (ATSDR,  1989).  Data  concerning  the  carcinogenicity 
of  inhaled  endrin  in  animals  were  not  located.  The  USEPA  has  not  derived  an  inhalation 
administered  slope  factor  for  endrin  (USEPA,  1993). 

Data  concerning  the  carcinogenicity  of  ingested  endrin  in  humans  were  not  located.  An  NCI 
(1978)  bioassay,  in  which  mice  were  fed  up  to  5  ppm  endrin  and  rats  were  fed  up  to  6  ppm 
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endrin  in  the  diet,  revealed  statistically  significant  increased  incidence  of  hemangiomas  and 
adrenal  tumors  in  male  rats  and  pituitary  and  adrenal  tumors  in  female  rats.  The  NCI 
concluded  this  study  did  not  provide  conclusive  evidence  for  endrin  carcinogenicity  due  to 
limitations  including  small  control  groups  and  the  high  toxicity  of  endrin.  Other  studies 
failed  to  find  evidence  of  tumors  in  rats,  mice,  and  dogs  given  up  to  100  ppm  endrin  in  the 
diet  (USEPA,  1993).  The  USEPA  has  not  derived  an  oral  administered  slope  factor  for 
endrin  (USEPA,  1993). 

The  USEPA  has  classified  endrin  as  a  Group  D,  not  classifiable  as  to  human  carcinogenicity 
(USEPA,  1993).  This  classification  was  based  on  the  suggestive  evidence  of  the  NCI  (1978) 
study  and  the  inadequacies  of  several  of  the  bioassays. 

15.3  References 

ATSDR.  1989.  Agency  for  Toxic  Substances  and  Disease  Registry.  Toxicological  profile 
for  endrin.  Atlanta,  GA:  Agency  for  Toxic  Substances  and  Disease  Registry. 

NCI.  1978.  National  Cancer  Institute.  Bioassay  of  technical -grade  endrin  for  possible 
carcinogenicity.  Bethesda,  MD.  NTIS  PB-288461 

Treon  JF,  Cleveland  FP,  Cappel  J.  1955.  Toxicity  of  endrin  for  laboratory  animals. 
Agricultural  and  Food  Chemistry  3:842-848. 

USEPA.  1992.  U.S,  Environmental  Protection  Agency.  Health  effects  assessment 
summary  tables.  Washington,  DC:  U.S.  Environmental  Protection  Agency. 

USEPA.  1993.  U.S.  Environmental  Protection  Agency.  Integrated  Risk  Information 
System  (IRIS). 

VCC.  1969.  Vesical  Chemical  Corporation.  MRID  No.  0030198,  Available  from  USEPA. 
Write  FOI,  EPA,  Washington,  DC.  20460. 

16.0  HEPTACHLOR/HEPTACHLOR  EPOXIDE 

Heptachlor  epoxide  is  produced  by  metabolism  of  heptachlor  by  bacteria,  animals  and 
humans.  The  epoxide  is  generally  more  toxic  than  its  parent  compound  (ATSDR,  1991). 

16.1  Noncarcinogenic  Effects 

Data  concerning  the  noncarcinogenic  effects  of  heptachlor  or  heptachlor  epoxide  in  humans 
after  inhalation  exposure  are  limited  to  a  few  epidemiological  studies  and  case  reports. 
Several  studies  describe  effects  on  the  blood  (dyscrasia,  cerebrovascular  disease, 
arteriosclerosis).  In  general,  these  reports  are  limited  due  to  lack  of  exposure  quantification 
and  often  involve  exposure  to  other  pesticides  (ATSDR,  1991).  Therefore,  it  is  difficult  to 
define  a  causal  relationship  from  these  reports.  Data  concerning  the  noncarcinogenic  effects 


R-32 


of  heptachlor  epoxides  in  animals  after  inhalation  exposure  were  not  located.  EPA  has  not 
derived  an  inhalation  RfC  for  heptachlor  or  heptachlor  epoxide  (US EPA,  1993). 

Data  concerning  the  noncarcinogenic  effects  of  heptachlor  or  heptachlor  epoxide  in  humans 
after  oral  exposure  were  not  located.  The  liver  is  the  chief  target  organ  for  heptachlor  and 
heptachlor  epoxide  in  animals  after  oral  exposures.  In  animals,  heptachlor  has  been  better 
studied  than  heptachlor  epoxide.  Hepatic  effects  attributed  to  heptachlor  exposure  include 
fatty  infiltration,  organ  weight  changes,  enzyme  level  changes,  congestion  and  necrosis,  and 
occur  following  long-  term  oral  exposures  to  doses  typically  ranging  from  2-10  mg/kg/day. 
Hepatic  effects  have  been  observed  in  mice,  rats  and  pigs  (ATSDR,  1991).  In  a  two-year 
dietary  study  in  rats,  exposure  to  5  ppm  (0.25  mg/kg/day)  heptachlor  produced  an  increased 
liver  in  males  (VCC,  1955).  This  study  identified  a  no-observed-effect  level  (NOEL)  of 
3  ppm  (0.15  mg/kg/day)  for  heptachlor.  In  a  60-week  dog  feeding  study,  diets  containing 
0.5  ppm  (0.0125  mg/kg/day)  heptachlor  epoxide  produced  an  increased  liver-to-body-weight 
ratio  in  both  sexes  (DCC  1958).  The  EPA  identified  this  value  as  a  low-effect  level  (LEL) 
for  heptachlor  epoxide  (USEPA,  1993). 

The  NOEL  of  0. 15  mg/kg/day  for  heptachlor  (VCC,  1955)  and  the  lowest-effect  level  (LEL) 
of  0.0125  mg/kg/day  for  heptachlor  epoxide  (DCC,  1958)  were  divided  by  the  respective 
uncertainty  factors  of  300  (10  for  interspecies  extrapolation,  10  for  intraspecies  extrapolation 
and  3  for  the  lack  of  chronic  data  in  a  second  species)  and  1,000  (10  for  interspecies 
extrapolation,  10  for  intraspecies  extrapolation  and  10  for  lack  of  a  NOEL)  to  derive  chronic 
oral  RfD  values  of  5E-4  mg/kg/day  and  1.3E-5  mg/kg/day  for  heptachlor  and  heptachlor 
epoxide,  respectively  (USEPA,  1993).  Confidence  in  the  RfD  values  is  rated  low  since  the 
quality  of  the  critical  studies  and  the  quality  of  the  database  are  both  considered  low 
(USEPA,  1993). 

16.2  Carcinogenic  Effects 

Data  concerning  the  carcinogenic  effects  of  heptachlor  or  heptachlor  epoxide  in  humans  after 
inhalation  exposure  are  limited  to  a  few  case  reports  and  epidemiological  studies.  Of  three 
epidemiological  studies  on  workers  exposed  to  heptachlor  and/or  chlordane,  only  one 
reported  an  elevated  mortality  from  bladder  cancer  (three  observed)  (Wang  and  McMahon, 
1979a).  No  other  increased  cancer  mortalities  have  been  reported  (Wang  and  McMahon, 
1979b;  Ditraglia  et  al.,  1981).  Interpretation  of  data  from  these  studies  is  limited  by 
concomitant  exposure  to  other  chemicals  and  lack  of  dose  data.  Data  concerning  the 
carcinogenic  effects  of  heptachlor  or  heptachlor  epoxide  in  animals  after  inhalation  exposure 
were  not  located.  However,  the  EPA  has  derived  inhalation  slope  factors  of  4.5  and 
9.1  (mg/kg/day)'1  for  heptachlor  and  heptachlor  epoxide,  respectively,  based  on  extrapolation 
from  oral  cancer  data,  discussed  below  (USEPA,  1993). 

■ 

Data  concerning  the  carcinogenic  effects  of  heptachlor  or  heptachlor  epoxide  in  humans  after 
oral  exposure  were  not  located.  Two  long-term  studies  in  mice  reported  the  development  of 
liver  tumors  in  both  sexes  (Davis,  1965;  NCI,  1977).  Similarly,  four  long-term  studies  on 
heptachlor  epoxide  reported  the  development  of  liver  tumors  in  mice  and  rats  (Davis,  1965; 
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VCC,  1973;,  Witherup  et  al.,  1959;  Jolley  et  al.,  1966).  For  heptachlor,  cancer  data  from 
Davis  (1965)  were  reevaluated  (Epstein,  1976)  and  used  to  derive  two  new  slope  factors  in 
male  and  female  mice.  These  data  were  combined  with  the  cancer  data  in  male  and  female 
mice  from  NCI  (1977),  and  the  geometric  mean  slope  factor  was  determined  to  be  4.5 
(mg/kg/day)'1  for  heptachlor.  Similarly,  for  heptachlor  epoxide,  cancer  data  in  male  and 
female  mice  were  reevaluated  (Reuber,  1977)  and  used  to  derive  four  new  slope  factors. 

The  geometric  mean  of  these  slope  factors  was  determined  to  be  9. 1  (mg/kg/day)'1  for 
heptachlor  epoxide  (USEPA,  1993).  The  EPA  has  classified  heptachlor  and  heptachlor 
epoxide  as  Group  B2,  probable  human  carcinogens  (USEPA,  1993). 
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17.0  ISODRIN 
* 

No  data  were  located  regarding  the  noncarcinogenic  or  carcinogenic  effects  of  isodrin  in 
humans  or  animals. 
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18.0 


LEAD 


18.1  Noncarcinogenie  Effects 

Lead  is  a  heavy  metal  that  produces  a  number  of  adverse  health  effects  in  humans.  Acute 
and  subacute  poisoning  generally  occurs  only  after  ingestion  of  large  doses  of  lead  (in  excess 
of  1,000  mg/day)  (NAS,  1977).  Encephalopathy  is  typically  the  most  significant  clinical 
manifestation,  sometimes  occurring  quite  suddenly.  Signs  of  developing  central  nervous 
system  impairment  include  apathy,  stupor,  hyperimtability,  depression,  headache  and  tremor. 
Other  tissues  that  may  be  injured  include  the  gastrointestinal  tract,  the  liver,  the  kidneys  and 
red  blood  cells  (USEPA,  1986). 

Instances  of  short-term  lead  poisonings  in  humans  are  now  rather  rare,  and  most  health 
concerns  center  around  chronic  low-level  exposure.  Lead  is  retained  strongly  in  exposed 
humans,  and  lead  toxicity  is  cumulative.  One  of  the  characteristic  effects  of  chronic  lead 
exposure  is  hypochromic  microcytic  anemia,  stemming  from  lead-induced  inhibition  of  heme 
biosynthesis  and  a  decrease  in  erythrocyte  lifespan.  Heme  synthesis  is  inhibited  not  only  in 
erythrocytes  but  in  other  tissues  as  well,  and  several  key  heme-containing  enzymes  (e.g., 
those  required  to  synthesize  vitamin  D)  show  decreased  activity  following  lead  exposure 
(USEPA,  1986). 

Chronic  exposure  also  results  in  impairment  of  the  nervous  system.  Many  studies  have 
shown  that  animals  and  humans  are  most  sensitive  to  the  effects  of  lead  during  the  time  of 
nervous  system  development.  Thus,  the  fetus,  infants  and  young  children  are  particularly 
vulnerable.  Symptoms  of  nervous  system  damage  range  from  subtle  decreases  in  intelligence 
and  scores  on  neurological  tests  to  frank  encephalopathy.  Effects  on  the  nervous  system  are 
generally  considered  to  be  irreversible  (USEPA,  1986).  Additionally,  lead  exposure  during 
pregnancy  may  result  in  decreased  size  and  growth  of  the  infant  and  may  increase  the 
chances  of  premature  birth  or  other  complications  during  pregnancy  (USEPA,  1986). 

Other  studies  have  focused  attention  on  the  cardiovascular  system  as  a  target  for  lead. 
Epidemiological  data  from  the  United  States  reveal  a  strong  correlation  between  blood 
pressure  and  the  level  of  lead  in  the  blood.  Although  the  changes  in  blood  pressure 
associated  with  moderate  lead  exposures  are  small,  the  increased  risk  of  stroke  or  heart 
attack  make  this  an  effect  of  concern  (USEPA,  1986). 

It  is  currently  difficult  to  identify  what  degree  of  lead  exposure,  if  any,  can  be  considered 
safe.  Most  studies  in  humans  do  not  involve  measurement  of  actual  exposure;  instead, 
exposure  is  judged  by  measurement  of  blood  lead  (PbB)  values.  Subtle  signs  of  lead-induced 
effects  begin  to  be  apparent  at  around  10  ng/dL  or  even  lower,  with  effects  becoming  clearer 
by  3,040  /ig/dL.  Frank  clinical  signs  of  lead  toxicity  are  usually  apparent  at  blood  lead 
levels  of  80,100  /ig/dL.  Of  special  concern  is  the  claim  by  several  researchers  that  some  of 
the  effects  of  lead  (neurobehavioral  effects,  heme  synthesis,  fetal  development)  do  not  have  a 
threshold  value  (USEPA,  1986). 
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The  daily  exposure  to  lead  that  produces  these  PbB  levels  cannot  presently  be  calculated  with 
a  high  degree  of  certainty,  but  it  seems  likely  that  inhalation  or  ingestion  of  only  small 
amounts  of  lead  per  day  could  be  of  concern.  Based  on  this,  the  USEPA  (1988)  has 
established  a  Maximum  Contaminant  Level  Goal  (MCLG)  of  zero  for  lead  in  drinking  water. 
Although  there  is  no  agreed  upon  PbB  level  considered  to  be  "safe,"  the  USEPA  has 
identified  the  range  of  10  to  15  /ig/dL  as  a  range  of  concern  for  effects  that  warrant 
avoidance.  USEPA  has  also  developed  a  biokinetic  model  that  predicts  the  expected 
distribution  of  PbB  values  in  populations  of  children  exposed  to  various  lead  sources 
(USEPA,  1989).  USEPA  has  decided  it  is  inappropriate  to  derive  an  RfD  because  some 
effects  occur  at  levels  so  low  as  to  be  essentially  without  a  threshold  (USEPA,  1993). 

18.2  Carcinogenic  Effects 

Studies  in  animals  indicate  that  chronic  oral  exposure  to  very  high  doses  of  lead  salts  may 
cause  an  increased  frequency  of  tumors  of  the  kidney  (USEPA,  1986).  However,  there  is 
only  limited  evidence  that  lead  is  carcinogenic  in  humans,  and  the  noncarcinogenic  effects  on 
the  nervous  system  and  on  hematopoiesis  are  usually  considered  to  be  the  most  important  and 
sensitive  endpoints  of  lead  toxicity  (USEPA,  1988).  USEPA  has  classified  lead  as  a 
Group  B2,  probably  human  carcinogen,  based  on  sufficient  information  from  animal  studies 
with  inadequate  information  on  humans  (USEPA,  1993).  However,  slope  factors  for 
inhalation  or  oral  exposure  to  lead  have  not  been  developed. 
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19.0 


GAMMA-HEXACHLOROCYCLOHEXANE  (LINDANE) 


19.1  Noncarcinogenic  Effects 

Occupational  and  accidental  exposure  to  lindane  in  air  is  associated  with  a  number  of  adverse 
health  effects  in  humans,  including  irritation  of  the  nose,  throat,  and  skin,  electrocardiogram 
abnormalities,  anemia,  increased  serum  enzyme  levels  (indicative  of  liver  damage), 
neurological  effects  (paresthesia  in  extremities,  headache,  vertigo,  electroencephalogram 
abnormalities),  and  changes  in  reproductive  hormone  levels  (ATSDR,  1992).  Exposure 
levels  responsible  for  producing  these  effects  in  humans  have  not  been  reported.  No  data 
were  located  regarding  the  effects  of  lindane  in  animals  after  inhalation  exposure.  USEPA 
has  not  derived  an  inhalation  RfC  for  lindane  (USEPA,  1993). 

Studies  in  laboratory  animals  indicate  that  oral  exposure  to  lindane  produces  a  variety  of 
effects  on  the  liver,  kidney,  central  nervous  system,  immune  system,  and  reproductive 
system.  Liver  effects  (hepatic  hypertrophy)  and  kidney  damage  (tubular  degeneration, 
hyaline  droplets,  tubular  distension,  interstitial  nephritis,  and  basophilic  tubules)  was 
observed  in  rats  exposed  to  1.55  mg/kg/day  lindane  for  12  weeks  (Zoecon  Corporation, 

1983).  These  effects  were  rare  or  relatively  mild  in  rats  exposed  to  0.33  mg/kg/day.  Acute 
exposures  to  3  to  60  mg/kg/day  caused  changes  in  behavior  and  activity,  and  seizures  in  rats 
(ATSDR,  1992).  Antibody  response  was  suppressed  in  rats  and  rabbits  exposed  to  1.5  to 
6.25  mg/kg/day  lindane  for  5  to  6  weeks  (ATSDR,  1992).  Effects  on  the  reproductive 
system  (decreased  mating  receptivity,  anti-estrogenicity,  testicular  atrophy,  disrupted 
spermatogenesis,  and  degeneration  of  the  seminiferous  tubules)  were  noted  in  rats 
administered  20  to  75  mg/kg/day  for  acute  and  intermediate  durations  (ATSDR,  1992). 
USEPA  derived  a  chronic  oral  RfD  of  3E-4  mg/kg/day  for  lindane  (USEPA,  1993),  based  on 
a  NOAEL  of  0.33  mg/kg/day  for  liver  and  kidney  effects  (Zoecon  Corporation,  1983).  The 
NOAEL  value  was  divided  by  an  uncertainty  factor  of  1,000  to  account  for  inter-  and 
intraspecies  variability,  and  extrapolation  from  subchronic  to  chronic  exposure.  USEPA 
places  medium  confidence  in  the  RfD  value  (USEPA,  1993). 

19.2  Carcinogenic  Effects 

No  data  were  located  regarding  the  carcinogenic  effects  of  lindane  in  humans.  Several 
studies  have  reported  an  increased  incidence  of  hepatocellular  carcinoma  in  mice  exposed  to 
4.7  to  52  mg/kg/day  lindane  for  80  to  104  weeks  (ATSDR,  1992).  USEPA  has  developed 
an  oral  slope  factor  of  1.3E+0  (mg/kg/day)'1  for  lindane  based  on  the  increased  incidence  of 
liver  tumors  (USEPA,  1992).  The  slope  factor  is  currently  under  review  by  a  USEPA 
workgroup  and  its  value  may  change  in  the  near  future.  USEPA  is  also  considering  the 
assignment  of  a  weight-of-evidence  classification  of  B2  (probable  human  carcinogen)  or  C 
(possible  human  carcinogen)  for  lindane  based  on  the  data  from  animal  studies  (USEPA, 

1992) .  The  carcinogenicity  assessment  for  lindane  is  listed  as  pending  on  IRIS  (USEPA 

1993) . 
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20.0  MERCURY 

The  type  and  severity  of  effects  from  mercury  ingestion  are  dependent  on  the  form  in  which 
it  is  administered  (organic  versus  inorganic).  Therefore,  these  two  forms  will  be  addressed 
separately,  below. 

20.1  Noncarcinogenic  Effects 

Inorganic  mercury  (inhalation)  -  A  few  fatalities  have  occurred  following  exposure  to  high 
(unspecified  air  concentrations  of  inorganic  mercury.  Death  was  attributed  to  a  loss  of 
respiratory  function  due  to  extensive  pulmonary  tissue  damage  (edema,  pneumonia  and 
epithelial  desquamation).  Workers  exposed  to  concentrations  of  1  to  44  mg/m3  inorganic 
mercury  have  developed  chest  pains,  dyspnea,  cough,  hemoptysis,  impaired  pulmonary 
function  and  pneumonitis.  One  study  reported  a  significant  negative  association  between 
diastolic  blood  pressure  and  inorganic  mercury  exposure  in  humans.  However,  other  studies 
reported  an  increase  in  blood  pressure  following  acute  exposures.  Gastrointestinal  symptoms 
such  as  nausea,  vomiting,  diarrhea,  gingivitis  and  mercurial  stomatitis  are  also  associated 
with  the  inhalation  of  inorganic  mercury  vapor.  Human  case  studies  have  revealed  that  the 
inhalation  of  inorganic  mercury  can  produce  mild  hepatic  effects  (biochemical  changes)  and 
renal  effects  (increased  creatinine  excretion,  proteinuria,  hematuria  and  degeneration  of  the 
convoluted  tubules).  Concentrations  of  1.0  mg/m3  have  produced  erythematous  and  pruritic 
skin  rashes,  burning  eyes  and  conjunctivitis.  Short-term  exposures  to  44  mg/m3  produce 
long  lasting  feelings  of  irritability,  a  lack  of  ambition  and  a  lack  of  sexual  desire. 

Other  neurological  symptoms  such  as  tremors,  erethism,  decreased  motor  functions,  slowed 
peripheral  nerve  conduction,  impaired  reflexes,  headaches,  and  abnormal  EEGs  are  also 
associated  with  exposure  to  inhaled  inorganic  mercury  (ATSDR,  1989).  A  few  human  case 
studies  also  suggest  that  prenatal  exposure  to  mercury  vapor  can  produce  menstrual 
alterations  and  increased  spontaneous  abortions  (ATSDR,  1989). 
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Workers  at  chlor-alkali  factories  are  chronically  exposed  to  inorganic  mercury  vapor.  Renal 
effects  occur  at  concentrations  of  approximately  0.1  mg/m?.  The  first  symptoms  are  mild 
(such  as  proteinuria)  and  are  reversible.  More  severe  damage  is  indicated  by  glomerular 
dysfunction,  nephrotic  syndrom  and  edema.  These  effects  usually  subside  a  few  months  after 
the  exposure  ceases.  Workers  exposed  to  inorganic  mercury  vapor  typically  complain  of 
muscle  pain,  burning  feet,  muscle  cramps,  and  develop  a  yellow  haze  on  their  lenses. 
Neurotoxicity  (as  evidenced  by  tremors,  erethism,  decreased  nerve  conduction  velocity, 
impaired  performance  and  psychomotor  skills)  is  the  critical  effect  for  inhalation  exposure  to 
inorganic  mercury  (Fawer  et  al.,  1983;  Piikivi  and  Tolonen,  1989;  Piikivi  and  Hanninen, 
1989;  Piikivi,  1989).  These  studies  identified  a  NOAEL  of  0.009  mg/m3  for  neurological 
effects  of  inorganic  mercury. 

In  rats  and  rabbits,  histopathological  changes  of  the  kidney  have  been  reported  following 
subchronic  inhalation  exposures  to  0.9  to  3  mg/m3  inorganic  mercury.  Necrosis  of  the 
kidney,  liver  and  heart  has  also  been  observed  in  rabbits  after  inhalation  of  0,9  to  6  mg/m3 
mercury.  The  same  dose  range  has  also  produced  neurological  effects  including  tremors  and 
histopathological  changes  and  necrosis  of  the  brain.  Pigeons  exhibited  abnormal  behavior 
after  subchronic  exposure  to  17  mg/m3  (ATSDR,  1989). 

The  USEPA  has  derived  an  inhalation  administered  RfC  of  3E-4  mg/m3  for  elemental 
mercury  (USEPA,  1992),  This  value  is  based  on  the  NOAEL  of  0.009  mg/m3  for 
neurological  effects  in  humans  as  described  by  several  studies  (Fawer  et  al.,  1983;  Piikivi 
and  Tolonen,  1989;  Piikivi  and  Hanninen,  1989;  Piikivi,  1989).  The  NOAEL  was  divided 
by  an  uncertainty  factor  of  30  to  derive  the  RfC.  This  RfC  value  has  been  verified  by  a 
USEPA  workgroup,  and  IRIS  input  is  pending. 

Organic  mercury  (inhalationl  -  Human  fatalities  have  been  reported  following  exposure 
concentrations  as  low  as  1  mg/m3  diethyl  mercury  for  4  to  5  months  (ATSDR,  1989).  There 
is  limited  evidence  that  inhalation  exposure  of  rats  to  0.5  to  2.5  mg/m3  inorganic  mercury  to 
rats  can  cause  a  decrease  in  the  number  of  living  fetuses  and  an  increase  in  the  number  of 
congenital  malformations  and  resorptions  (ATSDR,  1989).  The  USEPA  has  not  derived  an 
inhalation  RfC  or  RfD  for  organic  mercury  (USEPA,  1993). 

Inorganic  mercury  (ingestion)  -  Oral  doses  of  29  to  50  mg/kg  of  inorganic  mercury  have 
produced  fatalities  in  humans.  Death  is  attributed  to  shock,  cardiovascular  collapse,  renal 
failure  and  severe  gastrointestinal  damage.  Therapeutic  administration  of  mercury  salts  (for 
its  diuretic  and  antiseptic  properties)  has  resulted  in  nephrotic  syndrome  (albuminuria, 
hypoalbuminemia,  edema  and  hypercholesterolemia)  after  a  single  dose  of  21.4  mg/kg. 

Renal  failure  and  neurological  effects,  including  a  decreased  brain  weight  and  a  decreased 
cerebellar  cell  number,  were  reported  in  two  human  case  studies  involving  the  consumption 
of  3.4  mg/kg/day  mercurous  chloride  for  6  to  25  years  in  the  form  of  a  laxative  pill 
(ATSDR,  1989). 

In  animals,  subchronic  oral  exposure  to  inorganic  mercury  has  produced  effects  on  the  renal, 
immunological  and  neurological  systems.  Degenerative  changes  to  the  neurons  of  the  dorsal 
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route  ganglia  and  cerebellar  granule  cells  accompainied  by  ataxia,  sensory  loss  and  decreased 
body  weight  were  noted  in  rats  given  oral  doses  of  0.8  mg/kg/day  mercury  as  mercurous 
chloride  for  1  to  11  weeks.  A  suppression  of  the  lymphoproliferative  response  has  been 
reported  in  mice  following  ingestion  of  2. 1  mg/kg/day  for  7  weeks.  Several  oral  and 
parental  studies  on  Brown-Norway  rats  identify  0.3  mg/kg/day  as  the  LOAEL  for  the  renal 
effects  (glomerulonephritis)  of  inorganic  mercury  (Druet  et  al.,  1978;  Bemaudin  et  al.,  1981; 
and  Andres,  1984).  There  is  sufficient  evidence  to  indicate  that  the  renal  damage  is  mediated 
through  an  immune- type  mechanism  (ATS DR,  1989).  Pregnant  hamsters  given  a  single  dose 
of  31.4  mg/kg  inorganic  mercury  had  an  increased  percentage  of  fetal  resorptions  compared 
to  unexposed  hamsters  (ATSDR,  1989). 

The  USEPA  has  derived  an  oral  administered  RfD  of  3E-4  mg/kg/day  for  inorganic  mercury 
(USEPA,  I991a,c).  This  value  is  based  on  the  LOAEL  of  0.3  mg/kg/day  for  renal  effects  in 
Brown-Norway  rats  identified  by  several  studies  (Druet  et  al.,  1978;  Bemaudin  et  al.,  1981; 
Andres,  1984).  The  LOAEL  was  divided  by  an  uncertainty  factor  of  1,000  (10  for 
interspecies  variability,  10  for  intrahuman  variability,  and  10  for  the  use  of  a  LOAEL)  to 
derive  the  RfD.  This  RfD  has  been  verified  by  a  USEPA  workgroup,  however,  its  input  into 
IRIS  is  still  pending  (USEPA,  1992). 

Organic  mercury  (ingestion)  -  The  nervous  system  is  the  primary  target  for  the  effects  of 
orally  administered  organic  mercury.  In  addition,  organic  mercury  can  also  produce  effects 
on  the  renal  and  cardiovascular  systems.  Estimated  doses,  based  on  tissue  concentrations  in 
human  fatality  cases,  range  from  10  to  60  mg/kg/day.  Abnormal  renal  function  (polyuria, 
polydypsia  and  albuminuria)  were  reported  in  humans  following  ingestion  of  ethyl  mercury. 
Consumption  of  methylmercury  in  contaminated  fish  or  grain  has  produced  a  variety  of 
neurological  symptoms  in  humans,  including  tingling  extremities,  impaired  senses,  slurred 
speech,  incoordination,  weakness,  memory  loss,  depression,  insomnia  and  death  due  to 
central  nervous  system  failure  (ATSDR,  1989). 

In  rats,  renal  effects  (tubular  damage,  fibrosis  and  inflammation)  have  been  reported  after 
oral  exposure  to  0.08  to  0.84  mg/kg/day  organic  mercury  for  1  to  12  weeks,  and  at 
0.015  mg/kg/day  for  chronic  exposures.  An  increase  in  systolic  blood  pressure  was  noted  in 
rats  given  0.4  mg/kg/day  organic  mercury  by  gavage  for  3  to  4  weeks.  Animal  studies  have 
revealed  that  methyl  mercury  is  a  more  potent  neurotoxin  than  inorganic  mercury. 
Neurological  effects  (degenerative  changes,  particularly  in  the  cerebellum,  behavioral 
changes,  depressed  dopamine  synthesis)  were  reported  in  cats  and  mice  at  doses  ranging 
from  0.015  to  0.8  mg/kg/day,  and  in  rats  at  doses  ranging  from  0.7  to  3.2  mg/kg/day 
organic  mercury  (ATSDR,  1989).  Impaired  spatial  vision,  reduced  visual  sensitivity, 
intention  tremors,  somesthetic  impairment  and  incoordination  were  noted  in  monkeys  given 
0.04  to  0.48  mg/kg/day  for  3  to  4  years  (ATSDR,  1989).  Developmental  effects  including 
fetal  eye  anomalies,  neurotoxicity,  and  behavioral  changes  have  been  reported  in  the 
offspring  of  rats  exposed  to  doses  of  0.008  to  0.25  mg/kg/day  organic  mercury  during 
gestation.  Signs  of  fetotoxicity,  fetal  death  and  decreased  male  fertility  have  been  noted  in 
mice  and  rats  at  doses  ranging  from  1  to  5  mg/kg/day  organic  mercury  (ATSDR,  1989). 
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The  USEPA  has  not  derived  an  oral  RfD  for  organic  mercury  (ATSDR,  1993). 

20.2  Carcinogenic  Effects 

Data  concerning  the  carcinogenicity  of  inhaled  or  ingested  mercury  (organic  or  inorganic)  in 
humans  were  not  located  in  the  literature  cited  in  the  reference  section.  Limited  animal 
studies  do  not  indicate  any  carcinogenic  effect  for  mercury.  The  USEPA  has  classified 
mercury  as  Group  D,  not  classifiable  as  to  human  carcinogenicity  (USEPA,  1993). 

20.3  Beneficial  Effects 

The  Food  and  Nutrition  Board  does  not  recognize  mercury  as  an  essential  trace  mineral,  and 
no  recommended  dietary  allowance  has  been  established  (FNB,  1989). 
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21.0  NICKEL 

21.1  Noncarcinogenic  Effects 

Long-term  inhalation  of  nickel  compounds  can  lead  to  lung  injury.  In  workers  exposed  on 
the  job  (welders,  nickel  platers),  reported  symptoms  include  asthma,  loss  of  the  sense  of 
smell  and  nasal  irritation  and  injury  (ATSDR,  1991).  The  exposure  levels  causing  these 
effects  are  not  know,  but  are  presumably  much  higher  than  commonly  encountered  in  the 
environment.  Similar  injuries  to  the  respiratory  tract  have  been  observed  in  animals  exposed 
to  aerosols  of  nickel  compounds  at  concentrations  of  about  0.1  to  1.  mg/m3  (ATSDR,  1991). 
ATSDR  (1991)  has  estimated  a  minimal  risk  level  of  0.0005  mg/m3.  This  value  is  based  on 
a  NOAEL  of  0.05  mg/m3  for  decreased  alveolar  macrophage  activity  in  rats  (Spiegelberg  et 
al.,  1984).  The  NOAEL  was  divided  by  an  uncertainty  factor  of  100  to  account  for  inter- 
and  intraspecies  variability.  An  inhalation  RfD  for  nickel  is  under  review  by  an  USEPA 
workgroup  (USEPA,  1993). 

Data  concerning  the  toxicity  of  ingested  nickel  in  humans  were  not  located.  Altered  thyroid 
function  has  been  observed  in  rats  after  ingesting  0.5  to  5  mg/ kg -day.  Other  animal  studies 
indicate  that  nickel  can  effect  carbohydrate  metabolism  by  antagonizing  the  hypoglycemic 
action  of  insulin  (ATSDR,  1991).  High  oral  doses  (greater  than  5  mg/kg -dayjhave  (seen 
observed  to  cause  decreased  growth  in  several  animal  studies  (Ambrose, et  al.,  \916x 
American  Biogenics  Corporation,  1986).  There  is  limited  evidence  that  high-or^Ldoses 
during  pregnancy  can  have  fetotoxic  effects  (Ambrose  et  al.,  1976;  RTI,  1987),  but  the 
NOAEL  of  5  mg/kg -day  identified  by  Ambrose  et  al.  (1976)  is  believed  to  be  protective  for 
this  effect  (USEPA,  1993).  Based  on  a  NOAEL  of  5  mg/kg-day  identified  in  a  two-year 
feeding  study  in  rats  using  nickel  sulfate  (Ambrose  et  al.,  1976),  the  USEPA  has  calculated 
a  chronic  oral  RfD  of  0.02  mg/kg-day  (USEPA,  1993).  The  NOAEL  was  divided  by  an 
uncertainty  factor  of  100  to  account  for  inter-  and  intraspecies  variability,  plus  an  additional 
modifying  factor  of  3  to  account  for  insufficient  information  on  reproductive/ development 
effect.  Confidence  in  the  RfD  is  rated  medium  since  the  NOAEL  is  supported  by  two  animal 
studies  (USEPA,  1993). 

21.2  Carcinogenic  Effects 

« 

There  is  good  evidence  that  chronic  inhalation  exposure  to  nickel  can  cause  tumors  of  the 
respiratory  tract.  In  humans,  several  epidemiological  studies  indicate  that  occupational 
exposure  to  nickel  refinery  dust  (composed  of  approximately  50%  nickel  subsulfide  and  small 
amounts  of  nickel  sulfate  and  nickel  oxide)  leads  to  increased  risk  of  lung  cancer  and  nasal 
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cancer  (Chovil  et  al,,  1981;  Roberts  et  al.,  1983;  Peto  et  al.,  1984;  Roberts  and  Julian, 

1982;  Enterline  and  Marsh,  1982,  Magnus  et  al.,  1982).  This  is  supported  by  a  long-term 
inhalation  study  in  rats,  where  exposure  to  1  mg/m1  nickel  subsulfide  led  to  an  increased 
incidence  of  lung  tumors  (Ottolenghi  et  al.,  1974).  Based  on  these  studies,  the  USEPA  has 
ranked  nickel  refinery  dust  and  nickel  subsulfide  as  a  Group  A  {human  carcinogen)  by  the 
inhalation  route  and  has  calculated  an  inhalation  slope  factor  of  8.4E-1  (mg/kg-day)'1  for 
nickel  refinery  dust  and  1.7E+0  (mg/kg-day)'1  for  nickel  subsulfide  (USEPA,  1993).  The 
dose-response  data  for  nasal  cancer  was  not  used  in  the  derivation  of  these  slope  factors 
because  these  tumors  are  considered  to  be  an  occupational  hazard  associated  only  with 
pyrometallusical  processes.  It  is  not  known  which  nickel  species  in  refinery  dust  is 
responsible  for  the  carcinogenic  effects. 

There  is  no  evidence  that  nickel  is  carcinogenic  by  the  oral  route;  however,  data  are 
inadequate  to  conclude  that  nickel  and  inorganic  nickel  compounds  are  not  carcinogenic. 
There  are  no  human  data.  Animal  studies  in  rats,  mice  and  dogs  observed  no  treatment- 
related  tumor  increases  (ATSDR,  1991).  The  USEPA  has  not  assigned  a  weight-of-evidence 
classification  for  nickel  exposure  by  the  oral  route. 

21.3  Beneficial  Effects 

Small  amounts  of  nickel  appear  to  be  essential  for  normal  growth  and  reproduction  in  some 
animal  species.  Based  on  this,  it  is  possible  that  small  doses  may  also  be  beneficial  in 
humans.  On  the  basis  of  available  information  a  human  requirement  has  not  been  established 
(NAS,  1989). 

21.4  References 

Ambrose  AM,  Larson  PC,  Borzelleca  JR,  et  al.  1976.  Long-term  toxicological  assessment 
of  nickel  in  rats  and  dogs.  J.  Food  Sci.  Technol.  13:181-187. 

American  Biogenics  Corp.  1986.  Ninety  day  gavage  study  in  albino  rats  using  nickel. 

Report  submitted  to  Research  Triangle  Institute. 

ATSDR.  1991.  Agency  for  Toxic  Substances  and  Disease  Registry.  Toxicological  profile 
for  nickel.  Atlanta,  GA:  Agency  for  Toxic  Substances  and  Disease  Registry. 

Chovil  A,  Sutherland  RB,  Halliday  M.  1981.  Respiratory  cancer  in  a  cohort  of  nickel  sinter 
plant  workers.  Br.  J.  Ind.  Med.  38:327-333. 

Enterline  PE,  Marsh  GM.  1982.  Mortality  among  workers  in  a  nickel  refinery  and  alloy 
plant  in  West  Virginia.  J.  Natl.  Cancer  Inst.  68:925-933. 

Magnus  K,  Anersen  A,  Hogetveit  AC.  1982.  Cancer  of  respiratory  organs  among  workers 
at  a  nickel  refinery  in  Norway.  Int.  J,  Cancer  30:681-685. 


R-43 


NAS.  1989,  National  Academy  of  Sciences.  Recommended  dietary  allowances.  10th  rev. 
ed.  Washington,  DC:  National  Academy  of  Sciences. 

Ottolenghi  AD,  Haseman  JK,  Payne  WW,  et  al.  1974.  Inhalation  studies  of  nickel  sulfide 
in  pulmonary  carcinogenesis  of  rats.  J.  Natl.  Cancer  Inst.  54:1165-1172. 

RTT.  1987.  Research  Triangle  Institute.  Two  generation  reproduction  and  fertility  study  of 
nickel  chloride  administered  to  CD  rats  in  drinking  water.  Report  submitted  by  Research 
Triangle  Institute  to  USEPA  Office  of  Solide  Waste. 

Spiegelberg  T,  Koerdel  W,  Hochrainer  D.  1984.  Effect  of  NiO  inhalation  on  alveolar 
macrophages  and  the  humoral  immune  system  of  rats.  Ecoto.  Environ.  Safety  8:516-525. 

USEPA.  1993.  U.S.  Environmental  Protection  Agency.  Integrated  Risk  Information 
System  (IRIS). 

22.0  NITRATE/ NITRITE 

Nitrate  and  nitrite  are  naturally  occurring  inorganic  ions.  Nitrate  can  be  converted  to  nitrite 
in  the  body,  particularly  by  bacteria  in  the  alimentary  canal.  Therefore,  the  effects  of  these 
two  ions  are  discussed  together. 

22.1  Noncarcinogenic  Effects 

Data  concerning  the  toxicity  of  inhaled  nitrate  or  nitrite  in  humans  or  animals  were  not 
located. 

Studies  in  humans  and  animals  indicate  that  the  chief  adverse  effect  of  nitrate  and  nitrite  is 
the  production  of  methemoglobinemia.  Nitrate  must  first  be  converted  to  nitrite  to  produce 
this  effect.  Nitrite  oxidizes  the  Fe+2  form  of  iron  in  hemoglobin  to  Fe+3,  forming 
methemoglobin.  Methemoglobin  can  not  bind  oxygen  normally,  therefore  the  oxygen- 
carrying  capacity  of  the  blood  is  reduced.  Typical  blood  levels  of  methemoglobin  range 
from  0.5  to  2%.  Levels  below  10%  are  not  associated  with  any  adverse  effects.  Levels 
above  10%  may  result  in  cyanosis  whereas  levels  as  high  as  25%  can  produce  weakness, 
rapid  pulse  and  tachypnea  (USEPA,  1993), 

Infants  appear  to  be  particulary  sensitive  to  the  methemoglobin-forming  effects  of  nitrate. 
This  sensitivity  is  due  to  a  higher  pH  in  the  stomach  of  infants  which  allows  for  a  larger 
bacteria  population  (USEPA,  1990).  Bosch  et  al.,  (1950)  evaluated  139  cases  of  cyanosis  in 
children  (8  days  to  5  months  old)  caused  by  nitrate  contaminated  wells.  All  wells  contained 
greater  than  IQ  mg/L  nitrate-nitrogen.  In  214  cases  of  infantile  methemoglobinemia,  Walton 
et  al.,  (1951)  reported  all  were  due  to  consumption  of  water  with  levels  of  11  mg/L  or  more 
nitrate-nitrogen.  Based  on  estimates  of  accidental  exposures,  older  children  and  adults 
require  doses  of  8  to  12  mg/kg  nitrite-nitrogen  to  produce  methemoglobinemia  (USEPA, 
1990).  Two  epidemiological  studies  reported  an  increased  risk  of  birth  defects  (2.3  to  2.8) 
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in  subpopulations  with  elevated  levels  of  nitrate  in  the  drinking  water  (5  to  15  mg/L  and  1.3 
to  26  ppm)  (USEPA,  1990). 

In  rats,  oral  doses  of  40  to  80  mg/kg/day  nitrate  or  nitrite-nitrogen  resulted  in 
methemoglobinemia.  Pregnant  rats  may  be  more  susceptible  since  a  single  dose  of  0.5  to 
6  mg/kg  nitrite-nitrogen  was  sufficient  to  produce  up  to  60%  methemoglobin  (USEPA, 

1990).  Altered  thyroid  weight  and  function  has  been  observed  in  rats  and  pigs  at  higher 
doses  of  nitrate-nitrogen.  Nitrite  has  also  produced  a  reduction  in  life  span  and  damage  to 
the  liver,  lung,  spleen,  kidney  and  adrenals  of  mice  or  rats  (USEPA,  1990).  In  general, 
doses  of  2  to  10  mg/kg/day  nitrite-nitrogen  did  not  result  in  ay  developmental  or 
reproductive  effects  in  animals.  However,  higher  doses  (12  to  90  mg/kg/day  nitrite-nitrogen) 
have  resulted  in  decreased  reproduction  and  sperm  abnormalities  in  the  parents,  and 
increased  mortality,  decreased  body  weight,  liver  and  spleen  damage  and  anemia  in  their 
offspring.  A  few  studies  have  noted  behavioral  changes  in  the  offspring  at  doses  as  low  as 
1.7  mg/kg/day  nitrate-nitrogen  or  2.5  mg/kg/day  nitrite-nitrogen  (USEPA,  1990). 

The  USEPA  has  calculated  an  oral  RfD  of  1.6E+0  mg/kg/day  for  nitrate-nitrogen  and 
IE-1  mg/kg/day  for  nitrite-nitrogen  (USEPA,  1993).  These  values  are  based  on  the  NOAEL 
of  10  mg/L  nitrate-nitrogen  for  infantile  methemoglobinemia  as  reported  by  Bosch  et  al., 
(1950)  and  Walton  (1951).  The  NOAEL  was  adjusted  for  daily  water  intake  (0.64-1  L)  and 
infant  body  weight  (4  to  10  kg).  The  use  of  an  uncertainty  factor  was  not  necessary  since 
the  critical  studies  identified  the  NOAEL  in  the  most  sensitive  human  subpopulation, 
however,  a  modifying  factor  of  10  was  used  for  nitrite-nitrogen  to  account  for  the  direct 
toxicity  of  nitrite.  Confidence  in  these  values  is  rated  high  since  there  are  a  large  number  of 
good  supporting  human  and  animal  studies  (USEPA,  1993). 

22.2  Carcinogenic  Effects 

By  themselves,  studies  on  the  carcinogenicity  of  nitrate  or  nitrite  have  been  negative  or 
equivocal.  The  primary  reason  for  concern  regarding  carcinogenicity  lies  in  the  ability  of  the 
nitrite  to  react  with  secondary  and  tertiary  amines  (commonly  found  in  the  diet)  to  form 
carcinogenic  nitroamines.  A  number  of  animal  studies  have  shown  that  nitrite,  when  fed 
concurrently  with  a  nitrosatable  amine,  yields  an  increased  incidence  of  tumors  in  a  number 
of  tissues  including  the  lungs,  esophagus,  stomach,  tongue,  nasal  cavity  and  liver  (USEPA, 
1990).  A  carcinogenicity  assessment  is  currently  listed  as  pending  in  IRIS  (USEPA,  1993). 
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23.0  POLYCHLORINATED  BIPHENYLS 

Polychlorinated  biphenyls  (PCBs)  are  a  group  of  structurally  related  compounds  characterized 
by  two  phenyl  groups  joined  by  a  carbon -carbon  bond.  Individual  compounds  differ  in  the 
number  (congeners)  and  location  (isomers)  of  chlorine  substitutions.  Commercial 
formulations  of  PCBs  (Aroclors)  are  complex  mixtures  of  numerous  isomers  and  congeners. 
Toxicity  studies  on  these  commercial  mixtures  are  complicated  by  the  fact  that  composition 
may  vary  from  batch  to  batch,  and  trace  impurities  (dibenzodioxins)  may  account  for  some  of 
the  observed  adverse  health  effects. 

23.1  Noncarcinoeenic  Effects 

In  humans,  PCBs  cause  a  similar  spectrum  of  toxic  effects  following  oral,  inhalation  or 
dermal  exposures.  Chloracne  is  the  most  commonly  reported  dermatological  symptom.  The 
liver  is  the  major  target  organ  following  oral  exposures;  decreases  in  pulmonary  function  and 
respiratory  and  eye  irritation  have  been  reported  in  capacitor  manufacturing  workers 
following  inhalation  exposures  (USEPA,  1988).  However,  it  is  not  clear  these  effects  are 
caused  solely  by  PCB  exposures  or  to  polychlorinated  dibenzofurans  which  commonly 
contaminate  PCB  mixtures. 

The  liver  and  skin  are  target  organs  for  PCBs  in  animals.  In  rats  fed  a  variety  of  Aroclors 
for  four  weeks  to  eight  months,  degenerative  liver  effects  were  reported  (Bruckner  et  al., 
1974,  Kimbrough  et  al.,  1972).  The  no-observed-adverse-effect  level  from  these  studies  is 
estimated  at  0.025  mg/kg-day  (ATSDR,  1991).  Several  studies  in  monkeys  observed  similar 
hepatic  effects,  chloracne  and  gastric  lesions.  The  lowest  effect  level  in  that  study  was 
estimated  to  be  0.105  mg/kg-day  (ATSDR,  1991).  Reduced  birth  weights  were  noted  in  the 
offspring  of  monkey  exposed  to  1  ppm  Aroclor  1016  (0.028  mg/kg-day)  (Barsotti  and 
van  Miller,  1984;  Levi  et  al.,  1988;  Schantz  et  al.,  1989,  1991),  The  USEPA  used  this 
NOAEL  of  0.25  ppm  (0.007  mg/kg-day)  from  this  series  of  studies  to  derive  a  chronic  oral 
RfD  of  7.0E-05  mg/kg-day.  The  NOAEL  was  divided  by  an  uncertainty  factor  of  100  to 
account  for  inter-  and  intraspecies  variability.  The  USEPA  places  medium  confidence  in  this 
RfD  when  it  is  applied  to  PCB  mixtures  of  different  congeners,  and  high  confidence  when  it 
is  applied  to  PCB  mixtures  that  match  the  pattern  of  congeners  in  Aroclor  1016  (USEPA, 
1993). 
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Application  of  Aroclor  1260  to  the  skin  of  rabbits  produced  degenerative  lesions  in  both  the 
kidneys  and  liver  and  hyperplasia  and  hyperkeratosis  of  the  epidermal  epithelium  (Vos  and 
Beems,  1971).  The  dose  that  produced  these  effects  was  approximately  44  mg/kg-day 
(ATSDR,  1991),  As  with  the  other  routes,  inhalation  exposures  to  cats,  rats,  mice,  rabbits 
and  guinea  pigs  at  a  level  of  1.5  mg/m3  Aroclor  1254  produced  degenerative  liver  lesions 
(Treon  et  al,,  1956).  A  similar  experiment  with  Aroclor  1242  at  a  higher  level  did  not 
produce  these  effects,  therefore,  a  minimal  risk  level  was  not  derived  (ATSDR,  1991). 

23.2  Carcinogenic  Effects 

Limited  epidemiological  evidence  suggests  that  exposure  of  humans  to  PCBs  may  result  in 
liver  cancer  by  all  routes  of  exposure.  However,  interpretation  of  studies  involving  human 
exposures  are  confounded  by  simultaneous  exposures  to  other  chemicals  or  lack  of 
information  as  to  the  actual  exposure  levels,  and,  therefore,  evidence  for  carcinogenicity  in 
humans  is  judged  to  be  inadequate  (USEPA,  1993). 

Animal  feeding  studies  demonstrate  the  carcinogenicity  of  commercial  PCB  mixtures 
(USEPA,  1993).  Norback  and  Weltman  (1985)  fed  rats  Aroclor  1260  for  two  years  and 
noted  a  statistically  significant  increase  in  hepatocellular  carcinomas.  A  concurrent  liver 
morphology  study  demonstrated  a  progression  from  liver  lesions  to  hepatocellular  carcinomas 
as  the  study  progressed.  The  USEPA  employed  the  data  from  this  study  to  calculate  an  oral 
slope  factor  of  7.7  (mg/kg-day)'1.  This  is  based  on  the  incidence  of  both  malignant  tumors 
and  neoplastic  nodules.  Evidence  for  carcinogenicity  of  less  highly  chlorinated  Aroclor 
mixtures  is  limited,  but  the  USEPA  recommends  application  of  this  slope  factor  to  all  PCB 
mixtures.  The  USEPA  has  classified  PCBs  as  Group  B2,  probable  human  carcinogen 
(USEPA,  1993). 
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24.0  POLYCYCLIC  AROMATIC  HYDROCARBONS 

Polycyclic  or  polynuclear  aromatic  hydrocarbons  (PAHs)  are  a  broad  class  of  related 
compounds  characterized  by  the  presence  of  two  or  more  fused  aromatic  rings.  Individual 
PAHs  vary  considerably  in  their  chemical  structure,  and  differences  in  toxicity  or  potency 
exist  among  different  compounds. 

24.1  Noncarcinogenic  Effects 

Data  on  noncancer  effects  of  PAHs  in  humans  are  mainly  limited  to  observations  following 
exposures  to  naphthalene.  Based  on  case  studies  in  infants,  children,  and  adults,  the  primary 
health  effect  of  naphthalene  appears  to  be  hemolytic  anemia  (ATSDR,  1990a).  This  effect 
has  been  noted  following  inhalation,  oral,  and  dermal  exposures,  but  dose  response  data  are 
not  available.  Other  noncancer  effects  of  naphthalene  which  have  been  reported  in  humans 
exposed  by  the  oral  and/or  inhalation  routes  include  gastrointestinal  distress,  confusion, 
jaundice,  renal  disease,  and  cataracts  (ATSDR,  1990a).  Direct  dermal  contact  with 
naphthalene  may  cause  regressive  venucae  (Cottini  and  Mazzone,  1939;  Rhoads  et  al.,  1954). 

In  animals,  hemolytic  effects  were  not  observed  in  rats  or  mice  exposed  to  naphthalene 
(Shopp  et  al.,  ,1984)  but  were  observed  in  dogs  (Zuelzer  and  Apt,  1949).  Hepatic  effects, 
including  increased  liver  weight  and  increased  serum  enzyme  activity,  were  reported  in  rats 
administered  naphthalene  at  orally  at  doses  of  1,000  mg/kg-day  (Rao  and  Pandya,  1981). 
Plasterer  et  al.,  (1985)  reported  a  decrease  in  the  number  of  live  pups  per  litter  in  mice 
dosed  with  300  mg/kg-day  naphthalene  in  com  oil  during  pregnancy.  Cataracts  were 
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observed  in  rabbits  and  rats  after  oral  administration  of  naphthalene  at  1,000  mg/kg-day 
(Yamauchi  et  al. ,  1986;  Rossa  and  Pau,  1988).  In  a  subchronic  (90-day)  oral  study  in  rats, 
NTP  (1980)  identified  a  NOAEL  for  naphthalene  of  35.7  mg/kg-day.  This  value  is  strongly 
supported  by  a  NOAEL  of  41  mg/kg-day  identified  in  a  chronic  oral  exposure  study  in  rats 
(Schmahl,  1955).  Based  on  the  NOAEL  of  35.7,  the  USEPA  has  derived  an  oral  RfD  for 
naphthalene  of  4E-02.  This  was  calculated  using  an  uncertainty  factor  of  1,000  to  account 
for  inter-  and  intraspecies  variability,  use  of  a  subchronic  study,  and  for  uncertainty 
regarding  the  lack  of  data  for  species  that  are  sensitive  to  cataract  formation  and  hemolytic 
anemia  (USEPA,  1992).  This  RfD  is  currently  under  review  by  an  RfD  workgroup 
(USEPA,  1993). 

The  USEPA  has  derived  oral  RfD  values  for  several  other  PAHs  based  on  90-day  studies  in 
mice  (USEPA,  1988,  1989b,  1989c,  1989d,  1989e).  The  effects  noted  included 
hepatotoxicity  (300  mg/kg/day  of  acenaphthene),  nephropathy  (250  mg/kg/day  of 
fluoranthene  or  125  mg/kg/day  of  pyrene)  and  hematological  effects  (250  mg/kg/day  of 
fluorene).  No  effects  were  reported  following  doses  of  up  to  1,000  mg/kg/day  of  anthracene 
(USEPA,  1989b,  1989c,  1989d,  1989e,  1988).  The  oral  RfD  values  derived  for  these  PAHs 
are  listed  below,  along  with  their  corresponding  NOAEL/LOAEL  values,  uncertainty  factors, 
confidence  and  references.  An  uncertainty  factor  of  3,000  was  used  to  account  for  inter- 
and  intraspecies  variability,  less  than  lifetime  exposure  and  the  lack  of  toxicity  data  in  a 
second  species,  and  confidence  in  these  values  was  rated  low  (USEPA,  1993). 


Chemical 

NOAEL 

fme/kg/davl 

UF 

RfD 

(mg/kg/davl 

Confidence 

Studv 

Naphthalene 

35.7 

1,000 

4E-2 

Medium 

NTP  1980 

Acenaphthene 

175 

3,000 

6E-2 

Low 

EPA  1989 

Anthracene 

1,000 

3,000 

3E-1 

Low 

EPA  1989 

Fluoranthene 

125 

3,000 

4E-2 

Low 

EPA  1988 

Fluorene 

125 

3,000 

4E-2 

Low 

EPA  1989 

Pyrene 

75 

3,000 

3E-2 

Low 

EPA  1989 

In  order  to  estimate  noncancer  risks  from  other  PAHs,  it  is  necessary  to  extrapolate  from  the 
values  above.  On  the  basis  of  structural  similarities,  the  RfD  for  acenaphthene  can  be 
applied  to  acenaphthylene,  the  RfD  for  naphthalene  can  be  applied  to  2-methylnaphthalene, 
and  the  RfD  for  pyrene  can  be  applied  to  all  PAHs  which  contain  3  or  more  rings. 

24.2  Carcinogenic  Effects 
* 

There  is  substantial  evidence  from  animal  and  human  studies  that  many  PAHs  are 
carcinogenic.  Human  data  are  derived  mainly  from  studies  of  workers  exposed  to  coke-oven 
emissions,  tars,  soots  and  oils,  which  contain  a  mixture  of  PAHs.  The  main  exposure  route 
in  these  workers  is  inhalation,  and  the  main  effect  is  increased  incidence  of  lung  cancer 
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(Mazumdar  et  al.,  1975;  Redmond  et  al.,  1976).  This  is  supported  by  several  studies  in 
animals,  where  increased  incidence  of  respiratory  tract  tumors  occurred  following  chronic 
inhalation  exposure  to  benzo(a)pyrene  or  mixtures  of  PAHs  (Thyssen  et  al.,  1981;  Dahl 
et  al.,  1985).  Recent  studies  have  reported  some  evidence  of  carcinogenic  activity  for 
naphthalene  in  the  lungs  of  female  mice  exposed  via  inhalation  (NTP,  1992),  and  in  the  lungs 
of  male  mice  exposed  to  1-methylnaphthalene  by  the  oral  route  (Murata  et  al.,  1993). 

Cancer  has  not  been  reported  in  humans  following  oral  exposure  to  PAHs,  but  a  number  of 
studies  in  animals  indicate  that  ingestion  of  benzo(a)pyrene  or  other  PAHs  can  lead  to  tumors 
of  the  stomach  (Brune  et  al.,  1981;  Neal  and  Ridgon,  1967;  Snell  and  Stewart,  1962).  There 
are  also  a  number  of  animal  studies  which  demonstrate  repeated  dermal  contact  with 
benzo(a)pyrene  or  other  PAHs  leads  to  increased  incidence  of  skin  tumors  (ATSDR,  1987, 
1990b). 

Based  on  these  studies,  it  appears  that  the  greatest  risk  of  carcinogenic  effect  from  PAHs  is 
at  the  point  of  contact,  i.e,,  lung  cancer  following  inhalation  exposure,  stomach  cancer 
following  oral  exposure  and  skin  cancer  following  dermal  exposure.  This  is  probably 
because  the  PAHs  are  readily  metabolized  at  the  point  of  contact  and  that  metabolic 
intermediates  are  responsible  for  the  carcinogenic  response  (ATSDR,  1990a). 

It  is  important  to  stress  that  not  all  PAHs  have  been  found  to  be  carcinogenic.  The  PAHs 
which  have  been  ranked  as  probable  human  carcinogens  (Group  B2)  by  the  USEPA  include: 

Benzo(a)anthiacene 
Benzo(b)fluoran  thene 
Benzo(k)  fluoranthene 
Benzo(a)pyrene 
Dibenz(a,  h)anthracene 
Indeno(  1,2,3  -cd)pyrene 
Chrysene 

All  other  PAHs  have  been  ranked  as  Group  D  (not  classifiable  as  to  human  carcinogenicity) 
or  have  not  yet  been  classified.  However,  it  should  be  noted  that  certain  aminated  or 
nitrosylated  derivatives  of  some  of  the  noncarcinogenic  PAHs  are  carcinogenic  (e  g., 
2-aminofluorene,  2-naphthylamine,  1-nitropyrene). 

Data  are  too  limited  to  permit  quantitative  evaluation  of  cancer  risk  for  any  of  the  PAHs 
except  benzo(a)pyrene.  For  benzo(a)pyrene,  the  USEPA  proposed  a  cancer  slope  factor  of 
7.3E+00  (mg/kg -day)'1  for  oral  exposures  (USEPA,  1993).  This  value  is  based  on  a  chronic 
benzo(a)pyrene  feeding  studies  in  rats  (Brune  et  al.,  1981;  Neal  and  Rigdon,  1967.)  An 
inhalation  slope  factor  of  6.1  (mg/kg-day)1  based  on  the  data  of  Thyssen  et  al.,  (1981)  has 
judged  to  be  unacceptable  by  USEPA. 

In  general,  there  are  two  approaches  by  which  cancer  risk  can  be  estimated  for  carcinogenic 
PAHs  which  lack  slope  factors.  The  most  conservative  approach  is  simply  to  assume  that  all 
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such  PAHs  are  as  potent  as  benzo(a)pyrene.  An  alternative  approach  is  to  assign  a  relative 
potency  factor  (RPF)  to  each  carcinogenic  PAH,  based  on  in  vivo  and  in  vitro  structure- 
activity  relationship  studies  (Chu  and  Chen,  1983;  USEPA,  1989a).  By  the  second 
approach,  benzo(a)fluoranthene  and  dibenzo{a,h)anthracene  are  judged  to  be  as  potent  as 
benzo(a)pyrene  (RPF=1).  Benzo(a)anthracene,  benzofk) fluoranthene,  indeno(  1,2,3- 
cdjpyrene  and  chrysene  were  all  determined  to  be  about  1  %  as  potent  as  benzo(a)pyrene 
(RPF  =  0.01). 

24.3  References 

ATSDR.  1990a.  Agency  for  Toxic  Substances  and  Disease  Registry.  Toxicological  profile 
for  polynuclear  aromatic  hydrocarbons.  Atlanta,  GA:  Agency  for  Toxic  Substances  and 
Disease  Registry. 

ATSDR.  1990b.  Agency  for  Toxic  Substances  and  Disease  Registry.  Toxicological  profile 
for  benzo(a)pyrene.  Atlanta,  GA:  Agency  for  Toxic  Substances  and  Disease  Registry. 

Brune  H,  Deutsch-Wenzel  RP,  Habs  M,  Ivankovic  S,  Schmahl  D.  1981.  Investigation  of 
the  tumorigenic  response  to  benzo(a)pyrene  in  aqueous  caffein  solution  applied  orally  to 
Sprague-Dawley  rats.  J.  Cancer  Res.  Clin.  Oncol.  102(2):  153-157. 

Chu  MML,  Chen  CW.  1983.  Office  of  Health  and  Environmental  Assessment.  Evaluation 
and  estimation  of  potential  carcinogenic  risks  of  polynuclear  aromatic  hydrocarbons. 
Presented  at  the  1984  International  Chemical  Congress  of  Pacific  Basis  Societies. 

Cottini  GB,  Mazzone  GB.  1939.  The  effects  of  3,4-benz-pyrene  on  human  skin.  Am.  J. 
Cancer.  37:186-195. 

Dahl  AR,  Coslett  DC,  Bond  JA,  et  al.  1985.  Metabolism  of  benzo(a)pyrene  on  the  nasal 
mucosa  of  Syrian  hamsters:  comparison  to  other  extrahepatic  tissues  and  possible  role  of 
nasally  produced  metabolites  in  carcinogenesis.  J.  Natl.  Cancer  Inst.  75:135-139. 

Mazumdar  S,  Redmond  CK,  Sollecito  W,  et  al.  1975.  An  epidemiological  study  of 
exposure  to  coal  tar  pitch  volatiles  among  coke  oven  workers.  J,  Air  Pollut.  Control  Assoc. 
25:382-389. 

Murata  Y,  Denda  A,  Maruyama  H,  Konishi  Y.  1993.  Chronic  toxicity  and  carcinogenicity 
studies  of  1-methylnapthalene  in  B6C3F1  mice.  Fund.  Appl.  Toxicol.  21:44-51. 

Neal  J,  Rigdon  RH.  1967.  Gastric  tumors  in  mice  fed  benzo(a)pyrene:  A  quantitative 
study.  Tex.  Rep.  Biol.  Med.  25:553-557. 

NTP.  1992.  National  Toxicoloty  Program.  Toxicology  and  carcinogenesis  of  napthalene  in 
B6C3F1  mice.  Research  Triangle  Park,  NC:  U.S.  Department  of  Health  and  Human 
Services. 


R-51 


NTP.  1980,  National  Toxicology  Program.  Unpublished  subchronic  toxicity  study: 
Naphthalene  (C52904),  Fischer  344  rats.  Prepared  by  Battelle’s  Columbus  laboratories 
under  subcontract  no.  76-34-106002. 

Plasterer  MR,  Bradshaw  WS,  Booth  GM,  et  al.  1985.  Developmental  toxicity  of  nine 
selected  compounds  following  prenatal  exposure  in  the  mouse:  naphthalene,  p-nitroophenol, 
sodium  selenite,  dimethyl  phthalate,  ethylenethiourea  and  four  glycol  ether  derivatives. 
Toxicol.  Environ.  Heal  tit  15:25-38  (cited  in:  ATSDR,  1990g). 

Rao  GS,  Pandya  KP.  1981.  Biochemical  changes  induced  by  naphthalene  after  oral 
administration  in  albino  rats.  Toxicol.  Lett.  8:311-315. 

Redmond  E,  Strobino  B,  Cypress  R.  1976.  Cancer  experience  among  coke  by-product 
workers.  Ann.  NY  Acad.  Sci.  271:102-115. 

Rhoads  CP,  Smith  WE,  Cooper  NS,  et  al.  1954.  Early  changes  in  the  skin  of  several 
species  including  man  after  painting  with  carcinogenic  materials.  Proc.  Amer.  Assoc. 
Cancer  Res.  1:40. 

Rossa  V,  Pau  H.  1988.  Is  the  experimental  naphthalene  cataract  a  model  for  human  senile 
cataract?  Graefes  Arch.  Clin.  Exp.  Ophthalmol.  226:291-293. 

Schmahl  D.  1955.  The  testing  of  naphthalene  and  anthracene  for  a  carcinogenic  effect  on 
rats.  Z.  Krebsforsch.  60:697-710. 

Shopp  GM,  White  KL  Jr,  Holsapple  MP,  et  al.  1984.  Naphthalene  toxicity  in  CD-I  mice: 
General  toxicology  and  immunotoxicology.  Fundam.  Appl.  Toxicol.  4:406-419. 

Snell  KE,  Stewart  HL.  1962.  Pulmonary  adenomatosis  induced  in  DBA/Z  mice  by  oral 
administrations  of  dibenz(a,h)anthracene.  J.  Natl.  Cancer  Inst.  28:1043. 

Thyssen  J,  Althoff  JKG,  Mohr  U.  1981.  Inhalation  studies  with  benzo(a)pyrene  in  Syrian 
golden  hamsters.  J.  Natl.  Cancer  Inst.  66:575-577. 

USEPA.  1993.  U.S.  Environmental  Protection  Agency.  Integrated  Risk  Information 
System  (IRIS). 

USEPA.  1992.  U.S.  Environmental  Protection  Agency.  Health  Effects  Assessment 
Summary  Tables. 

USEPA.  1990.  U.S.  Environmental  Protection  Agency.  Office  of  Drinking  Water. 
Naphthalene  health  advisory.  Washington,  DC:  U.S.  Environmental  Protection  Agency. 


R-52 


USEPA.  1989a.  U.S.  Environmental  Protection  Agency.  Office  of  Solid  Waste  and 
Remedial  Response.  Risk  assessment  guidance  on  carcinogenic  polycyclic  aromatic 
hydrocarbons  (PAHs).  Denver,  CO:  U.S.  Environmental  Protection  Agency. 

USEPA.  1989b.  U.S.  Environmental  Protection  Agency.  Mouse  oral  subchronic  study 
with  acenaphthene.  Hazelton  Laboratories,  Inc. 

USEPA.  1989c.  U.S.  Environmental  Protection  Agency.  Subchronic  toxicity  in  mice  with 
anthracene.  Hazelton  Laboratories,  Inc. 

USEPA.  1989d.  U.S.  Environmental  Protection  Agency.  Mouse  oral  subchronic 
toxicity  study  with  fluorene.  Toxicity  Research  Laboratories. 

USEPA.  1989e.  U.S.  Environmental  Protection  Agency.  Mouse  oral  subchronic  toxicity  of 
pyrene.  Toxicity  Research  Laboratories. 

USEPA.  1988.  U.S.  Environmental  Protection  Agency.  13* Week  mouse  oral  subchronic 
toxicity  study  with  fluoranthene.  Toxicity  Research  Laboratories. 

Yamauchi  T,  Komura  S,  Yagi  K.  1986.  Serum  lipid  peroxide  levels  of  albino  rats 
administered  naphthalene.  Biochem.  Int.  13:1-6. 

25.0  SILVER 

25.1  Noncarcinogenic  Effects 

One  human  case  study  reported  respiratory  effects  (crepitation  during  breathing,  rapid  pulse, 
low  capillary  oxygen,  thickening  of  the  lungs  and  respiratory  failure)  in  an  individual  after 
working  with  molten  silver  for  14  hours  (air  concentrations  were  not  determined)  (ATSDR, 
1990).  Occupational  exposures  to  0.039  to  0.378  mg/m3  silver  for  1  to  10  years  have 
resulted  in  complaints  of  upper  respiratory  tract  irritation  (sneezing,  stuffiness,  running  nose, 
sore  throat  and  cough),  a  burning  abdominal  pain,  granular  deposits  in  the  comea  and 
conjunctiva,  and  an  increased  urinary  excretion  of  enzymes  indicative  of  impaired  renal 
function  (ATSDR,  1990).  Data  concerning  the  toxicity  of  inhaled  silver  in  animals  were  not 
located.  The  USEPA  has  not  derived  an  inhalation  administered  RfC  or  RfD  for  silver  due 
to  insufficient  data  (USEPA,  1993). 

A  bluish-gray  discoloration  of  the  skin  (argyria)  has  also  been  described  in  individuals 
exposed  to  low  oral  doses  of  silver  over  a  period  of  months  to  years.  The  resulting 
pigmentation  primarily  occurs  in  the  skin  of  sun-exposed  regions.  Microscopic  examination 
of  the  skin  reveals  the  presence  of  silver-containing  granules,  primarily  located  in  the 
basement  membranes  and  elastic  fibers  surrounding  sweat  glands  (ATSDR,  1990).  Although 
argyria  is  associated  with  discoloration  of  the  skin,  no  significant  adverse  health  effects  are 
believed  to  result.  In  addition,  a  few  reports  describe  the  deposition  of  silver -containing 
granules  in  certain  areas  of  the  brain  of  individuals  exposed  to  silver  nitrate  in  nose  drops. 
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However,  this  observation  is  limited  by  the  fact  that  only  certain  areas  of  the  brain  were 
investigated  and  the  significance  of  these  granules  has  not  been  established  in  humans. 

In  rats,  decreased  weight  gain  and  increased  mortality  have  been  observed  following  the  oral 
administration  of  222  to  362  mg/kg/day  of  silver.  One  mouse  study  determined  that  animals 
exposed  to  18  mg/kg/day  silver  as  silver  nitrate  developed  silver  deposits  in  the  brain  and 
had  lower  activity  levels  than  unexposed  controls.  Discoloration  of  the  skin  has  also  been 
demonstrated  in  rats  at  subchronic  oral  doses  of  63.5  to  65  mg/kg/day  for  10  to  30  weeks 
(ATSDR,  1990;  USEPA,  1985).  A  discoloration  of  the  eyes  has  been  noted  in  rats  after 
exposure  to  3.2  to  9.4  mg/kg/day  for  up  to  553  days.  Clinical  deterioration  was  reported  in 
rats  given  130  mg/kg/day  in  the  drinking  water  for  76  weeks  (EPA,  1985). 

The  USEPA  has  derived  a  chronic  oral  RfD  of  5.0E-3  mg/kg/day  for  silver  (USEPA,  1993). 
This  value  is  based  on  the  LOAEL  for  argyria  in  humans  of  1  gram  as  identified  by  an 
intravenous  administration  study  (Gaul  and  Staud,  1935).  This  dose  was  adjusted  for 
absorption  (divided  by  0.04),  body  weight  (divided  by  70  kg),  duration  (divided  by 
25,500  days)  and  conversion  of  grams  to  milligrams  (multiplied  by  1,000)  to  yield  a  LOAEL 
of  0.014.  An  uncertainty  factor  of  3  was  used  to  protect  sensitive  individuals.  A  full  factor 
of  10  was  not  considered  necessary  since  the  study  was  on  human  subjects,  not  all  subjects 
developed  argyria  at  this  dose  and  the  critical  effect  is  not  necessarily  adverse.  Confidence 
in  this  value  is  rated  medium  to  low  since  the  study  was  adequately  done  but  it  was  not  truly 
an  oral  study  and  the  quality  of  the  database  was  low  (EPA,  1991). 

25.2  Carcinogenic  Effects 

Data  concerning  the  carcinogenicity  of  inhaled  or  ingested  silver  in  humans  or  animals  were 
not  located,  A  few  limited  implantation  and  injection  studies  have  reported  an  increased 
incidence  of  tumors  at  the  site  of  injection  or  implantation.  However,  these  studies  contain 
flawed  methodologies,  therefore  the  USEPA  does  not  consider  them  to  be  demonstrative  of  a 
carcinogenic  effect  (USEPA,  1993).  The  USEPA  has  classified  silver  as  Group  D,  not 
classifiable  as  to  human  carcinogenicity  (USEPA,  1993).  This  decision  was  based  on  the 
lack  of  information  in  animals  and  humans  regarding  carcinogenicity  via  oral,  inhalation,  or 
dermal  routes,  and  the  inadequacy  of  the  injection/implantation  studies. 

25.3  Beneficial  Effects 

The  Food  and  Nutrition  Board  does  not  recognize  silver  as  an  essential  trace  element,  and  no 
recommended  dietary  allowance  has  been  established  (FNB,  1989). 
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26.0  SULFIDE 

No  data  were  located  regarding  the  noncarcinogenic  or  carcinogenic  effects  of  sulfide  in 
humans  or  animals. 

27.0  TETRACHLOROETHYLENE 

27. 1  Noncarcinogenic  Effects 

Tetrachloroethylene  (also  known  as  perchloroethylene,  PCE,  "perc")  is  a  volatile  liquid 
widely  used  as  a  dry  cleaning  fluid  and  as  an  industrial  solvent.  Humans  exposed  to 
relatively  high  levels  of  PCE  vapors  (e.g.,  100  ppm  or  above),  may  experience  headaches, 
dizziness  and  other  signs  of  central  nervous  system  depression,  but  CNS  effects  are  not 
usually  apparent  at  levels  below  about  50  ppm  (ATSDR,  1991).  Inhalation  of  PCE  may  also 
lead  to  liver  injury.  Severe  cases  may  lead  to  cirrhosis  or  toxic  hepatitis,  while  milder  cases 
are  characterized  by  hepatomegaly,  fatty  degeneration  and  elevated  levels  of  liver  enzymes  in 
blood  (ATSDR,  1991).  Although  the  exposure  levels  leading  to  these  effects  in  humans  are 
not  known,  studies  in  animals  indicate  the  threshold  is  probably  about  100  to  200  ppm 
(ATSDR,  1991).  Kjellstrand  et  al.,  (1984)  noted  elevated  liver  weights  in  mice  exposed  to 
9  ppm  for  30  days.  Hepatocellular  vacuolization  and  enlargement  were  noted  at  75  ppm. 
Renal  effects  (cloudy  swelling  of  the  tubules)  have  been  reported  in  animals,  exposed  to  PCE 
in  air,  and  a  few  case  studies  suggest  that  acute  exposures  can  also  produce  renal  injury  in 
humans.  However,  it  appears  that  these  effects  only  occur  at  levels  higher  than  those  which 
cause  nervous  system  and  hepatic  effects  (ATSDR,  1991).  The  USEPA  has  not  yet  derived 
any  inhalation  RfDs  for  PCE,  but  ATSDR  has  identified  subchronic  inhalation  Minimal  Risk 
Level  (MRL)  of  about  0.009  ppm  (1.7E-2  mg/kg/day)  based  on  the  hepatic  effects  in  mice 
(Kjellstrand  et  al.,  1984).  The  LOAEL  value  of  9  ppm  was  divided  by  an  uncertainty  factor 
of  1,000  to  account  for  inter-  and  intraspecies  variability,  and  for  use  of  a  LOAEL  (ATSDR, 
1990). 

Oral  doses  of  60  to  86  mg/kg/day  given  as  an  anthelminthic  have  produced  narcotic  effects, 
inebriation  and  exhilaration  in  humans  (ATSDR,  1991).  Humans  are  rarely  exposed  to  high 
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levels  of  PCE  by  the  oral  route,  although  a  few  case  reports  indicate  that  large  oral  doses  can 
produce  neurological  and  hepatic  effects  similar  to  those  produced  by  inhalation  exposure. 
This  is  supported  by  studies  in  animals,  where  oral  exposure  to  PCE  causes  increased  liver 
weight,  fatty  degeneration  and  necrosis  at  dose  levels  of  70  mg/kg/ day  or  higher  (ATS DR, 
1991).  Based  on  a  no-effect-level  of  14  mg/kg/day  reported  in  mice  for  hepatotoxicity 
(Buben  and  O’ Flaherty,  1985),  the  USEPA  has  calculated  a  subchronic  oral  RfD  of 
IE-1  mg/kg/day  and  a  chronic  oral  RfD  of  IE-2  mg/kg/day  (USEPA,  1992a,  1993).  The 
NOAEL  was  divided  by  an  uncertainty  factor  of  1,000  to  account  for  inter-  and  intraspecies 
variability,  and  for  the  less-than-lifetime  exposure  period.  Confidence  in  these  RfD  values  is 
only  medium,  because  complete  histological  examinations  were  not  performed  in  the  study 
that  identified  the  no-effect- level,  and  because  there  is  limited  information  on  reproductive 
and  developmental  effects  of  PCE  (USEPA,  1993). 

27.2  Carcinogenic  Effects 

Studies  of  cancer  in  humans  (mainly  dry  cleaners)  exposed  to  above-average  levels  of  PCE 
have  either  been  ambiguous  or  negative  (ATSDR,  1991).  However,  studies  in  animals  reveal 
that  PCE  can  cause  cancer  either  by  inhalation  (NTP,  1986)  or  oral  exposure  (NCI,  1977). 
The  principal  tumorigenic  responses  are  hepatocellular  carcinomas  in  mice  and  renal  tumors 
in  male  rats.  On  the  basis  of  these  studies,  the  USEPA  has  calculated  inhalation  and  oral 
slope  factors  of  2.0E-3  and  5.2E-2  (mg/kg/day)'1,  respectively.  These  slope  factors  have 
been  withdrawn  pending  the  resolution  of  the  weight-of-evidence  classification  (B2  or  C) 
(USEPA,  1992b). 

The  conclusion  that  PCE  is  a  probable  human  carcinogen  has  been  questioned,  since  there  is 
evidence  that  both  the  liver  tumors  in  mice  and  the  renal  tumors  in  male  rats  may  be 
mediated  by  mechanisms  that  do  not  apply  in  humans.  Specifically,  the  hepatic  tumors  in 
mice  may  be  mediated  by  a  proliferation  of  peroxy somes  that  is  stimulated  by  the  production 
of  trichloroacetic  acid  during  PCE  metabolism  (Odum  et  al.,  1988).  However,  humans 
metabolize  PCE  to  trichloroacetic  acid  more  slowly  than  mice,  and  the  human  liver  does  not 
undergo  peroxisome  proliferation  as  readily  as  mice.  Thus,  humans  may  be  much  less 
susceptible  to  the  hepatocarcinogenic  effects  of  PCE  than  mice  (Odum  et  al.,  1988). 

Similarly,  the  production  of  renal  tumors  in  male  rats  may  be  mediated  by  accumulation  of  a 
specific  protein  (oe-2/x-globulin)  that  does  not  exist  in  humans  (Goldsworthy  et  al.,  1988). 
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28.0  TETRAZENE 

No  data  were  located  regarding  the  noncarcinogenic  or  carcinogenic  effects  of  tetrazene  in 
humans  or  animals. 
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29.0 


THORIUM 


29.1  Noncarcinogenic  Effects 

Since  thorium  is  a  radioactive  element,  adverse  effects  produced  by  thorium  exposure  may  be 
a  result  of  the  chemical  and/or  radiological  properties  of  thorium  (ATSDR,  1990). 

Therefore,  doses  will  be  expressed  as  mg  or  nCi.  The  conversion  factor  between  these  units 
is  1  nCi  =  9.1  mg. 

An  epidemiological  study  of  thorium  processing  plant  workers  did  not  find  any  significant 
excess  mortality.  Air  concentrations  of  thorium  typically  range  from  0.03  to  1.75  mg/m3 
(0.003  to  0.192  nCi/m3).  Although  the  risk  for  respiratory  disease  has  been  reported  to  be  as 
high  as  1.31,  the  increase  may  be  explained  in  part  by  smoking.  The  levels  of  specific 
serum  enzymes  indicative  of  a  hepatic  effect  were  significantly  higher  in  those  workers  who 
had  higher  body  burdens  of  radioactivity  (due  to  longer  exposure  periods).  Since  most  of 
these  workers  were  also  exposed  to  other  toxic  compounds  including  other  radioactive  metals 
any  effects  noted  can  not  be  directly  attributed  to  thorium  (ATSDR,  1990). 

Hall  et  al.  (1951)  noted  a  decreased  red  blood  cell  count  in  rats  after  they  were  exposed  to 
8.3  mg/m3  (0.9  nCi/m3).  In  rats,  Likhachev  et  al.  (1973a)  reported  that  intermittent 
exposures  to  an  aerosol  of  thorium  dioxide  for  up  to  2  years,  produced  cirrhosis  of  the  lungs. 
The  severity  of  this  effect  was  dependent  on  the  radioactivity  of  the  dose.  Another  study  did 
not  report  any  adverse  effects  on  the  respiratory,  hematological,  hepatic,  skeletal,  and  renal 
systems  or  the  mortality  of  rats,  guinea  pigs,  rabbits,  and  dogs  following  a  1  year  exposure 
to  50.1  mg/m3  (0.55  nCi/m3)  (Hodge  et  al.,  1960).  The  USEPA  has  not  derived  a  chronic 
inhalation  RfC  for  thorium  (USEPA,  1992). 

Data  concerning  the  toxicity  of  ingested  thorium  in  humans  were  not  located.  Very  little 
information  is  available  on  the  effects  in  animals.  A  4- month  exposure  to  109  mg/kg/ day 
(12  nCi/kg/day)  thorium  produced  an  increased  mortality  rate  in  mice  (Patrick  and  Cross, 
1959).  In  rats,  an  oral  dose  of  3,050  mg/kg/day  (335  nCi/kg/day)  for  4  months  did  not 
produce  any  effects  on  the  respiratory,  cardiovascular,  gastrointestinal,  hematological, 
hepatic,  reproductive  or  renal  effects.  However  weight  loss  was  noted  in  rats  at  this  dose 
(Downs  et  al.,  1959).  The  USEPA  has  not  derived  a  chronic  oral  RfD  for  thorium  (USEPA 
1992). 

29.2  Carcinogenic  Effects 

An  excess  of  deaths  from  pancreatic,  lung,  and  lymphatic/hematopoietic  cancers  has  been 
reported  in  a  few  epidemiological  studies  (ATSDR,  1990).  Six  deaths  from  pancreatic 
cancer  compared  to  1.3  deaths  expected  were  reported  by  Stenhey  et  al.  (1980)  in  a  group  of 
workers  exposed  to  0.03  to  1.75  mg/m3  (0.003-0. 192  nCi/m3)  for  1  year  or  more.  A 
statistically  significant  increased  incidence  of  lymphatic  and  hematopoietic  cancers  were 
noted  by  Archer  et  al.  (1973)  in  uranium  mill  workers.  Radioactivity  in  the  tracheobronchial 
lymph  nodes  was  more  indicative  of  thorium-230  exposure  than  uranium,  therefore  the 


authors  suggested  that  thorium  may  be  the  causative  agent.  Another  study  indicated  a 
nonstatisticaUy  significant  increase  in  lung  cancer  deaths  (SMR=1.44)  in  thorium  processing 
plant  workers.  Since  all  of  the  studies  involved  exposures  to  other  chemicals  and  were 
complicated  by  smoking  habits,  it  is  difficult  to  make  a  conclusion  on  the  relationship 
between  thorium  exposure  and  cancer  (ATSDR,  1990). 

One  animal  study  (Likhachev  et  at.,  1973b)  reported  the  development  of  lung  tumors 
following  inhalation  exposure  to  thorium.  The  type  of  tumors  noted  was  dependent  on  the 
radioactivity  of  the  dose  administered.  Exposures  of  up  to  150  rad  produced  mainly 
reticulosarcomas,  whereas  doses  of  1,000  to  2,700  rads  resulted  in  primarily  glandular 
tumors.  The  USEPA  has  derived  for  thorium-232  based  on  its  radioactivity  (USEPA,  1992). 

Data  concerning  the  carcinogenicity  of  ingested  thorium  in  humans  or  animals  were  not 
located. 

The  USEPA  has  derived  an  oral  slope  factor  of  1.2E-11  (risk/pCi),  an  inhalation  slope  factor 
of  2.8E-8  (risk/pCi),  and  an  external  exposure  slope  factor  of  2.6E-1 1  (risk/yr  per  pCi/g 
soil)  for  thorium-232  based  on  its  radioactivity  (USEPA,  1992).  The  USEPA  classifies  all 
radionuclides  as  group  A  (human  carcinogen)  based  on  their  property  of  emitting  ionizing 
radiation  (USEPA,  1992). 

29.3  Beneficial  Effects 

The  Food  and  Nutrition  Board  does  not  consider  thorium  to  be  an  essential  trace  mineral, 
and  therefore  no  RDA  has  been  established  (FNB,  1989). 
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30.0  TRICHLOROETHYLENE 

30.1  Noncarcinogenic  Effects 

Inhalation  exposure  of  humans  to  trichloroethylene  (TCE)  has  resulted  in  effects  on  the 
central  nervous  system,  liver,  kidney  and  hematological  system.  Deaths  have  been  reported 
following  acute  accidental  exposure  to  TCE  in  the  workplace,  although  quantitative  estimates 
of  exposure  are  not  available  (ATSDR,  1991).  Inhalation  exposure  to  27  ppm  resulted  in 
drowsiness  and  irritation  to  the  mucous  membranes.  Central  nervous  system  effects 
(headaches  and  changes  in  behavior/performance  tests)  are  seen  beginning  at  1 10  to 
1,000  ppm  in  humans  and  animals.  Higher  concentrations  of  3,000  to  5,000  ppm  produce 
anesthesia  and, unconsciousness  in  humans  (ATSDR,  1991). 

Subchronic  inhalation  exposure  to  35  to  2,000  ppm  did  not  cause  observable  injury  to  rats, 
mice,  rabbits,  guinea  pigs,  monkeys  or  dogs  (ATSDR,  1991).  Kidney  weights  were 
increased  after  exposure  to  75  ppm.  Inhalation  exposure  of  mice  and  rats  to  300  to 
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1,800  ppm  during  pregnancy  resulted  in  no  treatment-related  increase  in  malformations 
(ATSDR,  1991).  However,  concentrations  of  2,000  ppm  altered  sperm  morphology  in  mice 
(ATSDR,  1991).  Visual  discrimination  was  impaired  in  rats  exposed  to  1,000  ppm. 
Hematological  effects  such  as  altered  hemoglobin  levels  and  myelotoxic  anemia  have  been 
reported  at  higher  exposures  in  animals.  Chronic  exposure  to  300  ppm  TCE  caused 
nucleocytosis  in  the  kidneys  of  rats  (ATSDR,  1991).  USEPA  has  not  derived  an  inhalation 
RfD  for  TCE  (USEPA,  1992),  and  ATSDR  considers  it  inappropriate  to  derive  an  inhalation 
minimal  risk  level  (MRL)  since  the  LOAEL  for  CNS  effects  in  humans  following  acute 
exposure  to  TCE  is  lower  than  the  NOAELs  for  subchronic  and  chronic  exposures  in  animals 
(ATSDR,  1991). 

Numerous  cases  of  human  fatality  from  oral  intake  of  TCE  have  been  recorded  in  the 
literature  (ATSDR,  1991).  However,  doses  producing  death  in  humans  have  not  been 
adequately  quantified.  Other  effects  from  oral  exposure  to  TCE  include  enlarged  kidney  and 
impaired  renal  function.  No  dose- response  data  are  available  on  the  renal  and  hepatic  effects 
of  TCE  in  humans.  In  mice,  a  number  of  hepatic  effects  including  increased  liver  weight, 
enlarged  hepatocytes,  centrilobular  swelling  and  necrosis  were  noted  after  oral  doses  of  100 
to  1,200  mg/kg/day,  Renal  effects  such  as  nucleocytosis,  cytomegaly  and  nephropathy  were 
observed  in  rats  and  mice  exposed  to  250  to  549  mg/kg-day  TCE  (ATSDR,  1991).  USEPA 
has  not  derived  an  oral  RfD  for  TCE  (USEPA,  1993),  but  ATSDR  calculated  a  subchronic 
oral  MRL  of  0.1  mg/kg-day  based  on  hepatic  effects  (ATSDR,  1991). 

30.2  Carcinogenic  Effects 

Human  epidemiological  studies  do  not  provide  clear  evidence  of  a  causal  relationship 
between  TCE  exposure  and  increased  risk  of  cancer.  Inhalation  exposure  to  TCE  in  the 
workplace  has  been  associated  with  increased  rates  of  bladder  cancer  and  lymphoma,  and 
oral  exposure  has  been  linked  to  increased  incidence  of  leukemia.  However,  lack  of 
adequate  exposure  data,  small  sample  sizes  and  concurrent  exposure  to  other  chemicals  limit 
the  findings  of  these  reports  (ATSDR,  1991). 

Animal  studies  indicate  that  TCE  is  carcinogenic  in  mice  and  rats.  Inhalation  and/or  oral 
exposure  resulted  in  lung  and  liver  tumors  in  mice  and  kidney  and  testicular  tumors  in  rats 
(ATSDR,  1991).  The  USEPA  calculated  an  inhalation  unit  risk  of  1.7E-6  (jig/m3)'1,  based 
on  two  inhalation  studies  (Maltoni  et  al.,  1986;  Fukuda  et  al.,  1983)  which  found  lung 
adenomas  in  mice.  This  corresponds  to  an  inhalation  slope  factor  of  6E-3  (mg/kg/day)1, 
assuming  inhalation  of  20  m3/day  by  a  70- kg  human. 

Based  upon  the  results  from  two  comprehensive  studies  (NCI,  1976;  NTP,  1983)  finding 
increased  incidence  of  hepatocellular  carcinomas  in  male  and  female  mice  following  chronic 
exposure  (by  gavage)  to  TCE,  an  oral  slope  factor  of  1.  IE-02  (mg/kg/day)'1  was  derived 
(USEPA,  1993).  The  carcinogenicity  assessment  for  TCE  has  been  withdrawn  from  IRIS, 
pending  resolution  of  the  cancer  weight-of-evidence  classification  (Group  B2  or  C)  (USEPA, 
1993). 
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31.0  URANIUM 

31.1  Noncarcinogenic  Effects 

Studies  in  animals  indicate  that  the  kidney  is  the  most  sensitive  target  tissue  of  uranium- 
induced  toxicity.  Inhalation  exposure  to  0.05-3  mg  U/m3  for  subchronic  and  chronic 
durations  produced  renal  tubular  injury  in  rats,  guinea  pigs,  rabbits,  and  dogs  (ATSDR 
1989).  The  USEPA  has  not  derived  an  inhalation  RfC  for  uranium  (USEPA  1993). 

Uranium  is  generally  considered  to  be  much  less  toxic  by  the  oral  route  than  when  exposure 
occurs  by  the  inhalation  route.  In  humans,  acute  intravenous  doses  of  0. 1  mg  U/kg  produced 
signs  of  renal  toxicity  (Stokinger,  1981).  In  animals,  oral  exposure  to  2.8  to  235  mg 
U/kg/day  for  subchronic  and  chronic  durations  caused  kidney  damage  (histopathological 
changes  and  tubular  atrophy)  (ATSDR,  1989).  Exposure  to  6  mg  U/kg/day  during  gestation 
caused  a  decreased  in  rat  fetal  body  weights  (ATSDR,  1989).  A  LOAEL  of  2.8  mg 
U/kg/day  was  identified  for  body  weight  loss  and  moderate  renal  toxicity  in  rabbits  exposed 
for  30  days  (Maynard  and  Hodge,  1949).  In  general,  the  toxicity  of  soluble  uranium 
compounds  (uranium  tetrachloride,  uranyl  fluoride,  uranyl  acetate,  uranyl  nitrate)  is 
considerably  greater  than  the  less  soluble  compounds  (uranium  dioxide,  uranium  trioxide, 
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uranium  tetrafluoride)  (ATSDR,  1989),  The  USEPA  derived  a  chronic  oral  RfD  of  3E-3  mg 
U/kg/day  for  uranium  (USEPA,  1993).  The  RfD  was  derived  based  on  LOAEL  of  2.8  mg 
U/kg/day  for  renal  and  body  weight  effects  in  rabbits  (Maynard  and  Hodge,  1949).  The 
LOAEL  value  was  divided  by  an  uncertainty  factor  of  1,000  to  account  for  inter-  and 
intraspecies  variability,  and  for  use  of  a  LOAEL  in  place  of  a  NOAEL,  The  USEPA  places 
medium  confidence  in  the  RfD  value  (USEPA,  1993). 

31.2  Carcinogenic  Effects 

Some  epidemiological  studies  have  reported  increased  mortality  from  lung  cancer  and 
lymphatic  malignancies  in  workers  exposed  to  uranium  (ATSDR,  1989).  It  is  difficult  to 
determine  from  these  studies  if  the  increases  in  cancer  mortality  are  due  solely  to  uranium 
exposure,  or  to  one  of  a  number  of  confounding  factors  (exposure  to  tobacco  smoke,  radon 
and  its  decay  products,  silica  and  other  dusts,  and  diesel  engine  exhaust  fumes)  (ATSDR, 
1989).  No  evidence  of  a  clear  carcinogenic  effect  was  observed  in  animal  studies  following 
oral  or  inhalation  exposure  to  uranium. 

Uranium  is  an  alpha-emitting  radioactive  compound,  and  the  USEPA  considers  all  such 
compounds  to  be  carcinogenic  (USEPA,  1992).  The  slope  factors  for  various  isotopes  of 
uranium  (U^-U^g)  range  from  2.6E-12  to  6.0E-8  (risk/pCi)  for  inhalation  exposure,  8.9E-13 
to  3.7E-11  (risk/pCi)  for  oral  exposure,  and  2.  IE-11  to  2.4E-7  for  external  exposure 
(risk/year  per  pCi/g  soil)  (USEPA,  1992).  The  USEPA  classifies  ail  alpha-emitting 
compounds,  including  uranium,  as  Group  A  (human  carcinogen)  (USEPA,  1992). 

31-3  References 

ATSDR.  1989.  Agency  for  Toxic  Substances  and  Disease  Registry.  Toxicological  profile 
for  uranium  (draft).  Atlanta,  GA:  Agency  for  Toxic  Substances  and  Disease  Registry. 

Maynard  EA,  Hodge  HC.  1949.  Studies  of  the  toxicity  of  various  uranium  compounds  when 
fed  to  experimental  animals.  In:  The  pharmacology  and  toxicology  of  uranium  compounds. 
National  Nuclear  Energy  Service.  Division  VI,  Vol.  I  C.  Voegtlin,  and  H.C.  Hodge,  Eds. 
McGraw  Hill,  New  York,  NY.  309-376. 

Stokinger  HE.  1981.  The  metals.  In:  Patty’s  industrial  hygiene  and  toxicology.  New  York, 
NY:  John  Wiley  &  Sons.  1995, 

USEPA.  1992.  U.S.  Environmental  Protection  Agency.  Health  effects  assessment  summary 
tables  (HEAST).  Washington,  DC:  U.S.  Environmental  Protection  Agency. 

USEPA.  1993.  U.S.  Environmental  Protection  Agency.  Integrated  Risk  Information  System 
(IRIS). 


R-63 


32.0 


XYLENES 


The  term  "xylenes"  is  used  here  to  refer  to  the  three  possible  isomers  of  xylene  (o-,  m,-,  and 
p-)  and  to  mixtures  of  these  three  isomers. 

32.1  Noncarcinogenic  Effects 

Acute  exposure  to  299  ppm  mixed  xylene  caused  impairment  in  performance  tests  while  the 
subjects  were  exercising  (ATSDR,  1990).  This  effect  was  not  observed  in  subjects  at  rest 
exposed  to  299  to  396  ppm.  A  single  exposure  to  460  ppm  produced  eye  irritation  (ATSDR, 
1990).  Irritation  of  the  skin  and  eyes  are  also  associated  with  occupational  exposure  to 
xylenes.  Studies  in  animals  indicate  that  developmental  effects  may  be  of  concern  following 
exposure  to  xylenes.  Exposure  to  53  to  784  ppm  xylenes  during  gestation  caused  a  number 
of  developmental  effects  including  decreased  pup  weight,  skeletal  retardation,  fetal 
anomalies,  embryolethality,  and  resorption  in  rats  (ATSDR,  1990).  High  concentrations 
(300  to  2,180  ppm)  produced  a  number  of  neurological  effects  such  as  changes  in  brain 
neurotransmitter  levels,  hearing  loss,  changes  in  axon  membranes,  and  narcosis  in  exposed 
rats  (ATSDR,  1990).  The  USEPA  has  not  derived  a  chronic  inhalation  RfC  for  xylenes 
(USEPA,  1993). 

Large  oral  doses  of  xylenes  can  produce  gastrointestinal  irritation  and  coma  in  humans 
(ATSDR,  1990).  Animal  studies  indicate  that  xylenes  are  not  particularly  toxic  by  the  oral 
route.  Acute  oral  LD50  values  range  from  3,523  to  8,600  mg/kg  xylenes  in  rats  and  mice 
(ATSDR,  1990).  An  increased  incidence  of  cleft  palate  was  noted  in  mice  exposed  to 
2,060  mg/kg/ day  xylenes  during  gestation  (ATSDR,  1990).  Changes  in  organ  weights, 
polycythemia,  and  leukocytosis  have  been  repeated  in  rats  exposed  to  150  to 
1,500  mg/kg/ day  for  subchronic  durations  (ATSDR,  1990).  Survival  was  decreased  in  rats 
chronically  exposed  to  500  mg/kg/ day,  and  hyperactivity  was  noted  in  mice  chronically 
exposed  to  1,000  mg/kg/day  (NTP,  1986).  However,  most  studies  report  little  or  no  effect 
following  subchronic  and  chronic  exposures  to  up  to  2,000  mg/kg/day.  No  effects  were 
observed  in  male  rats  exposed  to  250  mg/kg/day  (NTP,  1986).  This  NOAEL  value  was  used 
to  derive  a  chronic  oral  RfD  of  2E+0  mg/kg/day  for  xylenes  (USEPA,  1993).  The  NOAEL 
value  was  adjusted  for  less  than  continuous  exposure  and  divided  by  an  uncertainty  factor  of 
100  to  account  for  inter-  and  intraspecies  variability.  The  USEPA  places  medium  confidence 
in  the  RfD  value  (USEPA,  1993). 

32.2  Carcinogenic  Effects 

No  studies  were  located  regarding  the  potential  carcinogenic  effects  of  xylenes  in  humans. 

No  evidence  of  carcinogenicity  was  observed  in  animals  following  oral  and  dermal  exposure 
to  xylenes  (ATSDR,  1990).  Due  to  the  limited  nature  of  the  database,  the  USEPA  has 
classified  xylenes  as  Group  D  (not  classifiable  as  to  human  carcinogenicity)  (USEPA,  1993). 
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S.  Miscellaneous 
Information 


OCT  16  *92  02s 47PM  BASE  CLOSURE  DIV. 

m3  Prtnnptiyiiintiaraft  special  ;OAM*j|HX5iram  to  Abou  rtfuc- 
mres  where  asbestos  has  twm,  idemifie&  * 

-a,-  Dispose  tfrmbax&i  waste  insseriatmly  in  approve  disposal 
facilities  per  Federal  State,  local  and  host-nation  requirement* 
(A*  appromt  driptralfrctfityin  most  cases  will  be  a  aciSty  meet¬ 
ing  asbestos  dispoeaS  standards  and  having  written  notification  by 
the ‘Statu  that. asbestos  can  be  disposed  of at  tht  facility-)  Off- pos% 
disposal  is  prcferredr  ■'  ,* 

o.  Dispose  of  asbestos-containing  excess  real  properly  per  AR 
405-90.  * 

-  Use  contracting  for  asbesios  abatement  in  preference  to  *n- 
bouse  abatement,  unless  in-house  pejfbrmaHce  b  adequately ^ri¬ 
fted  and  funded' and  personnel  are  adequately  trailed.  ■*■  ;K 

q.  Conduct  worker  educaiicn/training  programs  for  mdivkluals 

idmufted  tc  wexk  vtith  asbestos.  : . ■ 

r.  Assess  the  relative  health  risks  associated  with  alternative 

control  anions.  Asbestos  should  nai  bcrrtxnovca  for  the  sole  pur¬ 
pose  of  eliminating  asbestos.  ■  ■  -  - 1  ■:■  ^  ’  *' 

10- 3,  Installation  aabestoa  management  p l&n 

As  a  minimum,  aa  bmall&ru>ii  asbestos  management  plan  will 
include—  ■'  #v 

a.  A  complete  review  of  O&M  schedules,  design  pian*,  and 
specification  to^denufy  structures  that  are  scheduled  for  repair, 
alteration,  or  demolition.  - 1  ■ 

b.  An  mstaliation-wide  survey  of  ail  simcturts  to  determine  the 

location,  extent,  and  condition  of  ail  asbestos.  ■'  *f 

(1)  First  priority  For  installation  surveys  will  be  lo.  identify  the 
existence  of  cjsbesxcs  m  aging  or  deteriorated  condition  that 
presents  a  significant  exposure  potemiai  in  structures  occupied  or 
likely  to  be  occupied;  in  structures  to  be  repaired,  altered,  or  de¬ 
molished;  in  DA'OoatrcUed  school  xn&  ctotid  development  cen¬ 
ters;  in  hospitals;  and  in  residential  housing.  These  determinations 
of  exposure  potential  do  not  have  to  be  .supported  by  independent 
air  sampling  for nsbeates,  -  ;s  -  «j *> -  * . 

-  (2)-  AO  mataHation-wide  survey*  wiU.  be  ccctpieted  within  l 
year  from  the  effective  date  of  tht^reguiatkm.  v, 

(3)  AM  aabestofe'Sttrvsy  work  will  be: conducted  by  iceraiired 

inspector  tramag  requirements  of  AHBRA 
and  other  applicable  Federal,  State,  local,  mid  host-nation  require 
TTjcnts.  These  personnel  will  be  supesroed  by  a  tieaibrly  (Qualified 
industrial  by  penal  or  other  qatehtkd*  health  and.  safety  or  envi- 
romncntal.profeaaiocal  who  meet*  ib&OSKA  dc&ritio&oi  compc 
srnr.  person*  a*  specified  m29  GFRJI&fijSil^bU: ' 

(4)  .Annual  fbiiow-up  inspections  wiM  be  petfomicdl^wooreiU; 

cd  *pcn§GMicl  luritiecdts^f.asti  ippttfWliBwgP'SSd  iddftuwrticfc  of 
^§beseo8*r  .j-o-  VgtsV-S^sfc?  rr«* 

c,  Doormen  the  presence,  extent,  and  coochticn  cf  as 

^M^OKDgyttosmray TM 
aWSttr-GW«t5^  ‘tt-’--  £r‘.  j.*qir,  .!.’>*  . 

d,  A*icttovm/fcr  etcluopCTglmfiitf thtepOtthlttl 

to  eamromnt*>ti"  otare  i^d  ^f-  Lht  nak  ic  human 

health  and  '-j-rw-c 

w  44fcxAtt -  ■!>  jgraiaMjW&^dtoCondaacri  by  accccdriott  peftonse] 

teeetnir  m-auf 

AHERA  and  other  mppbcabM^*^  kxwt-na- 

X^on  acquirements,  %  v  -  ->  i  Y.  ArK  * ;v ^  -IT  ■ 

11 - <2>  in  OGaNBS.  tocatiosa  wheie>AH ERA^ccrcdhtd-pcn^ 

iHtf  «  may  be 

.granted  by  commanders  of  MAOOMa  to  personnd  derttocraiiing 
1 1  jui  i  irk  i>i  yilift  iti-iTTi  ■  ~  ,L  ,f  , 

t  iWI  ifiiilMd)itWuii|disrliiMrinn>cf 

aim  to  csrAt^waaieg^ta^hei^^eTiriafctotgrtfi^^ 
^AbateiDCtil^mtt 

trammg  of  workers,  anda  diacussioc; of  tox^dered abauanent 
«kemati>ta  and  ^ma^'ehp.psrfcnsedri^^  wa&  .selected. 
^L*b*iemeafc^*m  aocteditcd  personnel 

hraetim  the 


condition  of"  utm www*  ffijatoaei  twwaiwrtl  wiiw  -  w>d 

human  exposure.  OiM  plans  will  include  provjsjoitt  for  appropn- 
ate  uaimng^fawetoSa^wpo^JO^ipto  oe  pre^reo 
typc^oancl'meefilig^ithe  pianner -and  .other 

training  feauke?Batto>aped§ed  ifl  d(i)md  (2)  above.  :t; 

g.  Provision  to  worker  educatkm/ttainiitg  programs  for  indi-  X 
viduais  identified:  asbcsios,  r  Individuals  viU  be  ■ 

trained  and  certified  per  Federal  Stated  local  and  host-nation  re- 
q  ui  rements.  w  here  ijjlpheable. 

/l  Anenvtiotifl^Xaljm|»ci^iiaiysis  of  tbe  :iiStaUatioc  asbestos 
management  plan,  as  required  by  AR  20O-Z  *, ,  -- 

*&;*>  y  *- -  * .  *“ 

10*4,  PrOp^K&TO,  r  TT^,-  T  «-*;*—*!-■  -y^ti  s. 

a .  Asbestos  is  regulated  as  a  hazardous  air  poliutant  under  the 
CAA  (40  CFR  6L  subpari  M).  In  addinm,  OSHA.  State,  local, 
and  host -nation  requirements  th^uarempplifiah^'to  asbestos  will 
be  considered  .when  establishing  asbestos  management  plans. 

k  Operation  of  solid  And  hazardotti  managemrat  syst^ 
will  be  conducted  per  cWpter  6.  ,  .  *  * 

c.  To  avoid  duplication  to  the  extent  practical,  asbestos  man¬ 
agement  pkr£ita*y  be  incorporated  into  existing  environmental 
management  documents  such  as  the  installation  hazardous  waste 
management  plan  discussed  in  chapter  Modification  of  an  tx * 
isong  program,  is  authorized  only  whe?  doing  so  will  not  jeopard¬ 
ize  the  accpmptishmieot  of  that  program  s  objectives  or  the 
objectives  dT  the, Army's  asbestos  managerrrest  program, 

d.  Installatioii  asbestos  management  plans  and  asbestos-related 
actions  tbatf  email  a  potential  for  generating  fugitive  asbestos  emis¬ 
sions  w^i-be  envifonmentafiy  assessed,  as  required  hy  AR  200-2 
Evea  if  there  £  a  FN51,  such  a  finding  must  be  published  through¬ 
out  the  affected  geographic  areau  t 

.e.  Programming  requests  for  asbestos-related  actions  will  be 
clearly  identified  as  such.'  “  _  .  * 

/  Specifications  for  the  procuremeni  of  materid  wrll  preclude 
the  use  of  asbestos  unless  asbestos-free  substitute  materials  do  not 

exist  ,  ,  ...  "i  :r':: 

g  Dfeiga  and  spec^t^touiw  i^  will  preclude 

the  use  of  asbestos  unless  asbestos-ffee  siitetitute  ma*erials  do  not 

h.  Contracts  for  projects  involving  the  rexnpva;  and  disposal  of 
asbestos  .wMl'tisc  The  provisions  of  Technical  Guide  Specification 
CEG£ffib$  through  020S3,  ^  ;  jr  '**’ 

hi  eomplfflnci  iitf*  stbpart  M  oC  the  CAA,  ICi  will 

^ctline^  i’a-  parairepb  i2-7a  for  ncmcompb- 

SUBS ^  ^ 

i;-U-  w  \aong£5S&  i  ”  [  - - 1 


i  v .  ^  OG 1  *  -  r  i  n  u  *i» 


t  r.~  -J-; 


tefl  --■  . 


gate  of.  Mbesio*.  of  a*) 


i  tCCTOatorthe 


i 


Teciiiucfl1  assistance  relating  to' health  "arid  tnvirohmeoud  aspects 
of  ssbcatM  manaaeRieat  can  be  ohtafoed  from  the  Commander, 
—  H3EE3s*rSuT.^  ^^GmaSi,:iiStn\ 010-5422.  Techni- 
eal '- WiAtfaif^rt  V>&)rf  ,dinf  be  .SitaineS  from  tie'  Com- 

ill,; Sx* .:i^i  ■* i  ."i 4x  Vvl  ?iU7Lt  ijHU* >f  *•>  1  *  . 

.  :ji r  cd  • :  t*.~  v  .w  x  ^0^  v  ■ 

ChapWr  tl  er^a/^Ti  ^  ■- 

Army  -Ratlon-Raduction  Program  (ARRP) 

11»1  'fiOObe  -'■1  *-'Ui  lb;  r  .1^,  ■ 

a  T^fciapter  ^raWT-pSKS  SStf^»S&rf 
*  ■  -  — :— j  radon  in  »ucture*  Where 

_  If  A 

f^rtoe 

_ _ _ _ _  _  .  tnfibor  ra- 

'doiii _ _ _ . .  . 

b.  Tce'Objectiv:  of  tbt  ARJR.P  are  to — rrv 
(!)  Identify  structures  owned  and  leased  by  the  Army^COMUS 
and  OCONUSy  thatdiaw^ ^  fodooi- tadoa JeVelsigttato'lihan  4 
picocuries-perStor  CjQygypf-jur.  1 1 jnc'rtyVrt 

.^■itiuiiU^aWiianli  fewta— imdnaadaawrgga  or 

'iai.Sr.f-jW  *  •  ’  .hP«l  v  a<Ta2  fitv 


( 


*RffiQO-W*ffip«re 
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(3)  Provide  detailed  *  guidance  concerning  radon  rb«su'ftme-ri! 

procedures  and  risk  estimates  which  have  been  published  in  the 
1989  USjVEHA  Technical  Guide  No,  164,  \  4V  -  ■ 

(4)  Issue  mitigation  strategies  and  procedures  which will  be  ad- 
dressed  Ln  separate  publications  famished  by  USAGE. 

11-31.  AftRP  requiramanis  -  -  -  - 

a.  Owrriew.  Da  has  adopted  a  decemralizea  radon  redaction 
program  io  identify  and  to  mitigate  indoor  radon  in  DA 
Structures. 

(1)  The  installation  is  responsible  For  funding,  executing,  docu¬ 
menting,  and  managing  the  radon  monitoring  and  mitigation  ef¬ 
forts  cm  that  installation  based  upon  the  ARRP. 

(2)  The  installation  will  purchase  radon  detectors  and  laborato¬ 
ry  analytical  scrvi»  through  contracts  which  are  centrally  man¬ 
aged  by  the  TJSAEHSC.  This  will  negate  the  need  for  zbt 
installation  to  develop  separate,  more  costly  contracts  and  will  aid 
m  ensuring  the  technical  validity  of  the  measurements.  The  instal¬ 
lation  will  be  responsible  fcr  proper  deployment  of  the  detectors 

O)  Al)  rsdor:  measurements  will  be  completed  by  the  4tB  Quar¬ 
ter  of  FY9L 
h.J?j^ur^menLL 

v1)  Ins&Uaxin  requirement!  The  installation  is  responsible  for 
tbs  management  and  the  conduct  of  the  radon  Tnearurcmons  for 
that  installation.  Specifically,  this  requires— 
fa)  Purchase  of  the  radon  detectors  from  the  carnally  managed 
contractors, 

(b)  Deploying  and  retrieving  the  radon  detectors  in  accordance 
with  qualify  assurance  (QA)  instructions  received  from  the 
USAEHSC 

(c)  Shipping  rietemon  tc  the  QA  contractor  for  preparation  of 

'‘spikes”  (that  tf  biind  samples).  *  *■' 

(d)  Shipping  hewcior*  back  tc  the  contractors  for  analysis. 

fa)  Maintmmg  the  records  required  to  document  the  results  of 
the  radon  measurements  and  providing  required  summaries  eg 
Lbrir  respective  MACOMs, 

W  Notifying  occupants  of  the  rsalt  of  radon  monitoring  and 
what  aniens  arc  necessary.  -  *  ' 

(g)  Eamblishbg  an  archival  database  compatible  with  Armv 
systems  for  storing  all  measurement  data  ■--  *  '  *>:*' ' 

(2)  C&r.tmctor  raqiiframents.  The  centrally  managed  contractors 
will  provide  the  matallmioc  with  the  following—  -  ?Ji'1  ' 
fa)  Radon  deteeton  eapabk  of  perfonmhg  the  longtariffshor? 
raerturaneritj^nd  pns  'and  pori^^hg^bn*  medakrcrricnrs 
teommL  wMrfatttnigriooi  krt  deployraSi.  re- 

rrieral  iff  the  detectors.  *  +  ■jitim;  <■ 

fW  D*u  form-;  require*  to  proper!^  di^men  f  ’th*  unsure  - 
■nem  and  cnmrt  tnat  tie  detectors  are  property  -bandied.  - 
(c)  A  report  that  will  give  the  results  of  the  measuremait  and 
xqttaad  QA  dau  to  ensure  that  the  Adfearemems'  add 

^-erifikbie*  **■  :  n *  i  Of*:;-,*  -  ml  m  t  ■,  Z 


6.  Source  of  the  problem.  Indoor  radon  concentrations  hive  be¬ 
come  a  health  concern  largely  due  to  dlbm  to  increase  thecnergy 
efficiency  of-our  buildings.  :  " 

(1)  Radon-222  nas  always  been  a  component  of  indoor  air.  Re¬ 
cent  efforts  tc  increase  the  eoefgy  efficiency  of  DA  rtnxctom  have 
resulted  in  a  reduction  m  the  ventilation  rates  and  a  corresponding 
increase  in  the  radorc  concenijsiion. 

(2)  The  increased  radon  Gonoeairations  have  increased  the  radri 
ation  dose  to  the  lung  with  a  corresponding  increase  m  the  risk  of 
lung  cancer  to  the  Occupants. 

c  Source  of  the  health  hazard.  The  hearth  hazard  is  rented  not 
by  the  radon-222  bur  by  the  daughter  products  formed  by  the  de¬ 
cay  of  raoon-222,  ; 

(1)  Radon- 222  is  an  inert  gas,  and  the  majority  of  the  radon 
that  is  mhaled  is  also  exhaled.  Because  of  this  rapid  exchange,  ra- 
don-222  itself  does  not  deliver  a  significant  fraction  of  the  doee  to 
the, lung 

(2)  The  radiation  received  by  the  lung  is  from  the  decay  of  the 
radou-222  daughter  products.  Radon- 221  has  a  half-life  of  3,8 
days  and  decays  into  r&dioactrvc  daughter  products  which  can  at¬ 
tach  themselves  to  dust  particles  in  the  air.  When  these  dust  pani¬ 
cles  arc  inhaled,  they  are  trapped  in  the  lungs  and  begin  to 
eradiate  lung  tissue, 

(3)  The  increased  risk  of  lung  cancer  is  caused  by  the  radiation 
dose  delivered  by  the  radon-222  daughter  produoii  trapped  m  the 
lung  and  is  proportional  to  the  radon  concentration  and  the  length 
of  exposure. 

d.  Indoor  radon  standards*  DA  has  adopted  ERA'S  recom¬ 
mended  remedial  action  level  as  its  indoor  radon  standard 

(1)  Remedial  action  will  be  taken  if  the  annual  average  radon 
concent ratiop  in  a  structure  exceeds  4  pCi/1  of  air 

£2)  The  time  frame  in  which  mitigation  must  be  accomplished 
t$  dependent  upon  the  measured  radon  concentration  and  is 
presented  in  table  3 1-1, 

(3j  EPA  estimates  that  lung  cancer  death  due  io  ration  expo¬ 
sure  could  occur  in  1  to  5  percent  of  a  population  exposed  to  an 
annual  average  r*3on  concentration  of  A  pCi/1  for  70  years. 

(4)  Research  is  continuing  io  refine  this  risk  estimate. 


Tabl*  iw  ■  "  ' 

Mitigation  tim#  Ira  mas 

Badoc  concentration  ^  *"■  MHpavun 

-  ■  t  -  IpCV!)  x  ...  tf  ,  -  ftiguroU iritMn 

thin  200 1  ’  rf  '  "j  montti  or  mooes  the  occupant! 

2WWD‘  ,  -j  6  mg**  i..- 

20-6  ‘  v*4  yocnt 3  * 

9^4 2  >j* -trysari  >  v 

Acx  iBsa1  r»».  -u  *.-i  j  ^ _ 

^*4D«taririlb«a  fiy  «Lnay  ser^h  or  tf  1-ye*  natkifamant  In  me  c om  ot  Pstorlty 

2  an^  3’5tnjaflJrea.  ^  "  tl  vii ^  .  -  r  -ro  ^ 


11-3-  indoor  rador  haalth  ti$k  ^  ^  -  . 

\  :ea^eeafed  risk  ^ 

’he- pmaarrbedth  tswteeritiwith  dCTitad^Jtv^^r iadoorradon^ 

'22,  ’*  -  V-Ss-r  ^IH{  r — iu  m3  > 

a.  Radon-221  Radoo-222  is  a  ^hsmliy  occurring; 
icrive  p  tiHtf^fbrmed  fbrisr  the  T^di^th^  ifccay^ 

(1)  Urtafiafi  m  th^arilds  the-primiry  sAtntc  of4tidooi  radon. 

foutid  in 

lean  of  Airbag  beer/ cowtiiiil^^ 

^  a-  * 

(2)  Sol  composition  ii^cmc not  a 

atfoo^  raddri  pfritfem.  Increased  tndber  tmdoxt  levels  %ave  Wn 
Docd  m  artae  whare  uranitim  c^rocentranoBs  we  relatively  low. 
(3>TUikKr  kvsis  'vaiy  constdoraWy  in  the^flnie^eogrx^uc  area. 

have  radon  levels  by  a  firstor  of 

0  to  100.  This  cat  be  caused  by  differences  in  oonstructios.  imui- 
ition,  0!  '<fflTOaces%in  the  sefJ  ccoipositkjfi  of  geology epre—  which 
,^e  -#crodb*«t;^»4 ;bWlti^f  ^ ;  r  ^  ^  ^  ,  x^thh;  -  oi  *&}?*&»  - 

(4>  EPA6«a6Hj»tes*l&  werinay  expect  20  peicri I Hfrf-^-sireC- 
im  to  exceed  4  pGA  V 


'  ^Aft^i#tvecage^tih!Hfe»eJ  by  ^^leeiu^l  ^rearing 

in  mi* /enye  wiUnotoeuaad  n  Ihabttv*  trj  kHmm  *q  -nrtprK^  , 
*D**mSoqjOOW6  M 


n^f _ _ 

d-  Object assessment  phase  of  the 

A*JtP  »>«r«eot3fy^l!  AriBy-attucttirts  iliat  havcTwd.otr  -Wcls 

ahoWBUB  r^cbmmCBfehibtioii  levehrf  4  pO/l  with  etapfmu 

cn  Mibr  aiii’  miri^Jing;  awfy'  ro  :  'it  iwocram,  thoae-  prinmy  ■  1 

<traetuj«1ftfagt%.  rcwcfeacoe.'  c*k  ^xxJi  iiid  k«- 

fG/W-ZOi!  -z-  »>'•  j:--- 

,'1 '  ft*'  l*noritif£  IreEalfetKTTr  fitrttetore*  -fca  ve'Seoi  prioritixed  to  en¬ 
sure  the  objective  canTSe  eoW^ffecfivdy  tibtuaed  and  to  provide  a 
jm^f&ropSnfiiBttg  Mttigaeca  iSbrts::  Prtwities  fer  radon  assets- 
mentare — r  1  ■  T" r/*  -  --  -■ ■*.»-'  .i'v.-  .vvt.; 

(1)  Pnority  lt..Day  care  centers,  hospjtaU.  schools.  and*dng 
aj^diKUtftt-i^qtiiirtertg  tiiiatbompajiietf  pcrsotmd-^swikng,  and 
i-e  rtUiiocr-.-K^  tna  i  Wran^  A>‘q  >■  ..(«*  iws?ra 

-  -32)?Tto*ftfr  .»sj| JjWiftKr  tpc-a tWttWi^qptim. 

Sow  cestm'%nH+'rat*iiti*ttBatRr 

Jr^AH  ^t^odfine^deiSb0«rf -structeres.-  iV.: 

: - 
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c  Planning  guidance.  The  following  additional  information  is 
provided  to  assist  m  the  planning  process 

A  coordinated  effort  win  be  made  with  participation  by  the 
DEH,  PAO,  safety  office,  radian  protection  officer,  installation 
DHS,  family  housing  ofnee.  ano  ICs. 

(2)  Each  alpha-track  detecror  will  cost  about  £12,  and  each 
charcoal  canister  abcu:  £7  (analysis  is  included  in  these  price 
estimates), 

(3)  Each  family  Housing  unit  will  require  one  detector  in  its 
LLA  for  screening  phase  measurements.  Using  national  average 
data.  20  percent  of  the  measured  structures  can  be  expected  to  fall 
within  the  4  ;q  20  pCi/i  range  and  require  two  detectors  for  LTM, 

(4’i  Hospitals,  day  care  facilities,  and  schools  will  require  one 
detector  per  2,000  square  fee:  on  each  level  tested  for  both  the 
screening  and  LTM. 

f5>  Friorrty  2  and  2  structures  will  also  require  one  detector  pc; 
2,000  square  fee:  on  each  level  tested  for  :he  screening  and  LTM 
measurements. 

(6)  Further  refinement  of  ihese  estimates  will  be  provided  as 
:he  data  become  available 


d.  Database  management 

(1)  Installations  will  maintain  or  have  access  to  a  database  that 
will  permanently  capture  all  the  information  derived  from  the  as¬ 
sessment  and  mitigation  of  radon. 

(2)  At  the  end  of  each  FY,  each  installation  win  submit  an  an¬ 
nual  report  to  its  respective  MACOM  on  its  progress  m  imple¬ 
menting  the  ARRP,  For  ARNG.  each  State  will  submit  an  annual 
progress  report  to  NGB 

11-7.  Technical  assistance 

Technical  assistance  relating  to  the  mcasurcmciu  of  radon  in 
buildings  can  be  obtained  from  Commander,  USAEHa,  Aberdeen 
Proving  Ground,  MD  21010-5422,  or  from  Commander, 
USAEHSC,  ATTN:  CEHSC-FU-S,  Fort  Belvoir.  VA 
22060-5516.  Technical  assistance  relating  to  mitigation  of  elevated 
levels  of  radon  in  buildings  can  be  obtained  from  USAEHSC 
ATTN:  CEHSC-FB-S.  Fon  BeNoir,  VA  22060-5516 


SCHEMATIC  FLOW  CHART  OF  THE 
ACTIONS  REQUIRED  BY  THE  ARMY  RADON' REDUCTION  PROGRAM 


Figure  ivi.  Army  radon  reduction program action*  fiew  chart 


Chapter  ;2 

Othgr  Environmental  Programs 
Sc ops  * 

This  chapter  describes  addition*!  environ! mental  programs  that 
should  be  considered  concurrently  with  the  at  her  chapters  of  this 

-  AR^SOO-^* 


regulation.  Each  parapaph,  12-2  through  12-14.  describes  a  dif¬ 
ferent  program  and  lists  iht  applicable  responsibilities,  policies, 
and  procedures  associated  with  the  program, 

TM  OiXhe  ground  wort 

The  selection  of  a  method  to  effect  otwhe-groimd  work  intended 
to  carry  our  the  requirements  of  this  regulation  will  be  comingcnc 
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EXECUTIVE  SUMMARY  TABLE 


BUILDING  36 
Friable  Materials 


* 

! HOMOGENEOUS  MATERIAL  -  Thermal  Systems  Ins.  -  Bailer  Sheet 

i 

FUNCTIONAL  space 

! Abandoned  HVAC 

ASBESTOS  TYPE/  % 

\ Chr ysot 1  Is/  40 

SAMPLES  TAKEN 

:  25,  26,  27 

OUANTITY  DF  ACM 

i  330  SF  / 

ASSESSMENT  DAMAGE 

EXPOSURE 

PRIORITY 

;  2i 

t  4  i-l 

I  i.  C3 

:  A  ^ 

HOMOGENEOUS  MATERIAL  -  Thermal  Systems  Ins.  -  Tank  Jacket 

FUNCTIONAL  SPACE 

ASF-EfiTOi:  TYPE/  li 

Basement 

Chrysotile/  17 

samples  taken 

37,  38,  3? 

QUANTITY  CF  ACM 

ASSESSMENT  DAMAGE 

EXPOSURE 

PRIORITY 

90  SF 

1 1 

14 

C 

— 

- * - 

HOMOGENEOUS  MATERIAL  -  Thermal  Systems  Ins.  -  Mudded  Fittings 

1 

- UNC7  2  DNnL  SPACE  ! 

Basement  I 

1 

1 

1 

ASBESTOS  TYPE/  %  ! 

SAMPLES  TAKEN  ; 

quantity  df  act  ; 

'-laSEtSKZ.NT  DAMAGE  i 

EXPOSURE  ’ 

PRIORITY  ; 

, 

Chrysotile/  4C l 

& ^  c-—  C"  fl  1 

^  j  5**  < 

1 4  Sr  i 

1 5  [ 

1Z  I 

C  I 

- - * 

* 

< 

1 

1 

1 

1 

1 

1 

i 

1 

I 

V 

1 
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EXECUTIVE  SUMMARY  TABLE 
BUILDING  36 
Friable  Materials 


. HOMOGENEOUS  MATERIAL  -  Thermal  Systems  Ins.  -  Air*  Cell  Insulat 


i  on 


i functional  space 

1  Abandoned  HVAC 

k  f 

*  i 

iase.eetcs  TYF‘£ /  ■/. 

» 

Chrysoti  le/  4E 

i  ) 

i 

SAMPLES  TAKEN 

!  40,  41,43 

i 

i 

QUANTITY  GF  ACM 

•  30  Sr 

$ 

ASSESSMENT  DAMAGE 

!  19 

t  -.ru-cUnr, 

I  17 

i 

PRIORITY 

!  A  ✓ 

r 

1 

HOMOGENEOUS  MATERIAL  - 

Ther  -tiil  S  emi 

&  I  MS -  —  ttasne* : 

1*  si  etc 

functional  space 

Baseiwnt 

Mo,  S;ce  fittic 

ASBESTOS  TYPE/  L 

Amos 1 1  e /  4  0 

Cftr  ysot i 1 6/  50 

Chrysoti It/  i 

SAMPLES'  TF.KEN 

46 ,  47 (  ns 

IT" 

QUANTITY  Or  ACM 

90  LF  ^ 

100  LF 

£"  CIC-  u:  _t  'T 
n*.  i  i  Jh, 

1  ! 

1  A 

EfcrOSUEE 

1  1 

1  I 

priority 

U 

c 

homoceweous  MATERIAL  - 

Thermal  System 

IMS.  —  Wrapped 

Car dDoard 

- — — _ _ _ _ 

FUNCTIONAL  EF'ACE  ; 

Eoseffieit  1 

AEEEStGS  TYPE/  */.  ; 

Chrysot; 1  e/30  ! 

* 

SAMPLES  TAKEN  ; 

4=,  EC,  51  i 

i 

_■ 

‘~"JA’.T IT V  OF  ACM  1 

161  lF  ^  , 

t 

i 

i&SaSSMENT  DAMAGE 

i  ‘v  1 

E  X  r  i.  SURE 

1 2‘  ; 

i 

PRIORITY  : 

A  /  i 

; 
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executive  summary  table 
building  39 
Friable  Materials 


! HOMOGENEOUS  MATERIAL 

t 

-  ^isc§llantQLt£ 

-  Fireproofing 

1  FUNCTIONAL  SPACE 

! Main  Hallway  - 

4  i 

i 

i 

i 

:  ASBESTOS  TYPE/  V. 

f 

i  Chrvsoti  1  e/  IE 

5i 

> 

l 

!  Amosi te/  70 

t 

* 

f 

I  SAMPLES  TAKEN 

'  79,  gC>,  81 

i 

l 

l 

* 

i  DUA'NT  i  TV  OF  ACM 

!  2364  SF  S 

i  _ 

i 

i 

: assessment  damage 

!  14 

l 

* 

EXPOSURE 

17 

l 

i 

PRIORITY 

i 

i 

B  ^ 

1 

* 

I 

% 

* 

J homcsenedus  material  - 
1 

AS:  •£ ST CS  lYF-E/  % 

i 

samples  TAKEN 

- - - - - 

- - _ 

'  * 

WwnN  ,  i  i  >  OF  Al-M 

— — - - - - - -  - - _  __ 

ASSESSMENT  DAMAGE 

~  —  - - — - 

EXPOSURE 

priority 

HOMOGENEOUS  MATERIAL  - 

” 

*  *  *  —  ™  ^  TP  —  — .  —  —  _ _ ^  ^  _ 

FUNCTIONAL  SFAOE  j 

t 

i 

l 

■  “*^**,— “*  — *  -  J 

1 

I 

* 

* 

i 

t 

f 

SAMPLES  TAKEN  * 

* 

1 

i 

1 

i 

1 

! 

I'JAN'T  I T  v  OF  ACM  j 

™  *  ’ 

* 

A 

i 

**■*  t 

**“ - * - - — - ; 

f 

* 

i 

assessment  damage  : 

1 

i 

* 

exposure  i 

PRIOR  I T  r  j 

* 

i 

i 

« 

* 

i 

i 

o  i 

| 

S-7 

OCT  IS 


32:18PM  BhiSE  CLOSURE  DIV 


F. 6/31 


'92 


EXECUTIVE  SUMMARY  TABLE 


BUILDING  4T 
Ncn-Friable  Materials 


HOMOSEME DUS  MATERIAL  - 

Mi  seel  1 aneous 

-  12“  x  12:  Gre 

y  FI o or  Tile 

FUNCTIONAL  ScACE 

Of  f  ice/'ULAB 

ASBESTOS  TYPE/  V. 

Chrysotiie/  1 

SAMPLES  TAKEN 

01,  02,  03 

QUANT  I  TV  QP  ACM 

2242  SF 

ASSESSMENT  DAMAGE 

EXPOSURE 

priority 

F 

: HOMOGENEOUS  MATERIAL  - 

Missel  1  ancons  -  1/2"  Fluted  Tr 

■ansi te 

FUNCTIONAL  space 

Root  : 

- - — - -  — 

- - 

~  — - —  — 

AZB.EE "is  TYPE/ 

Chi-ysatlie/  5 

samples  taken 

£6 

C'JANTITy  Or  ACM  ' 

10.400  SF  s/ 

ASSESSMENT  damage 

EXPOSURE 

—  — 

PR  I  OF.  I TY 

F 

: HOMOGENEOUS  MATERIAL  - 

l 


■  FU!\\_T  I  ONfiL  Si*' ACE 


i  ASBESTOS  TYPE/  */. 


S-8 


OCT  16  '92  02 : 19PM  BASE  CLOSURE  DIV. 


P.7/31 


EXECUTIVE  SUMMARY  TABLE 


BUILDING  60 
Fri *ble  Materials 


1 

'  HOME SENE DUS  MATERIAL  - 

t 

1 

1 _ rw  M  i 

Thermal  Systems  Ins.  -  Boiler  Sheet 

'.FUNCTIONAL  SPACE 

* 

1  Boiler  Room  i  ; 

!  ASBESTOS  TYPE/  7. 

I 

l 

IChrysotile/  5  !  i 

:  !  i 

J SAMPLES  TAKEN 

<  28,  29,  50  1  ! 

i  GUSiNT I TV  OF  ACM 

t  ^  _ 

;  450  SF  ■  !  /&£>  rf  ^pTy 

; assessment  damage 

*  ii  i  : 

;  exposure 

i  24  i  ; 

PRIORITY 

1 

!  e  :  i  . 

t 

iHOMC-aENEOUS  MATERIAL  - 

i 

1 

1 

\ 

Thermal  Systems  Ins.  -  Exhaust  Breech inn  ; 

i 

t 

. FUNCTIONAL  SPACE 

“““ — > 

Eoi 1 er  RcGfli  1  i  \ 

ASBESTOS  TYPE,-  7. 

Chrysotiie/  55;  i  ; 

Amos : te/  10  1  ;  • 

samples  TAKEN 

--  i  T  3—  ,  c  — '  *  J  I 

QUANTITY  OF  ACM 

1060  SF  !  /£#  jq-T- 

assessment  damage 

12  :  !  ; 

EXPOSURE 

20  :  ;  i 

PRIORITY 

E  !  :  j 

*  ,  , 

HOMOGENEOUS  MATERIAL  - 

i 

i 

Therm* 1  Systems  Ins.  -  ftudd&d  Fittings  J 

i 

i 

FUNCTIONAL  S=’ACE  i 

*”  *  t 

Esi i er  Room  1  ;  * 

ASBESTOS  TYPE/  V.  \ 

Chrysot i  1  s/  75!  S  ; 

i  i  : 

SAMPLES  TAKEN  ! 

33  }  |  j 

QUANTIFY  OF  ACM  ; 

A  a  Fittings-^/  1 

^*“  “■***  «-?*  >«w  iB.fe,*  W  ■  | 

- - —  — - 1  —  —  — _ _ J  _  _ _ _ _ _ : 

assessment  damage  I 

i  -y  i 

*  *  1 

EXPOSURE  ! 

24  I  i 

PRIORITY  ; 

A  /  I  ;  i 

OCT  16 


92 


32 : 19PM  BASE  CLOSURE  DIV 


P.8/31 


executive  Summary  table 


BUILD  I  MS  60 
Friable  Materials 


3 

! HQMOGtNEGUS  MATERIAL  ~  Thermal  Systems  Ins-  —  Magnesia  Pipe 

i 

i  — _ 

FUNCTIONAL  SPACE 

i 

! Boiler  Room 

IBresi^  Room 

SASEE3TCS  TYPE/  % 

iChrysctile/  5 

SChrysotile/  5 

i 

! Amcsi te/  35 

!  Amos  its/  3.5 

I  samples  taken 

‘  01,  02,  OT 

!  01,  02,  03 

;  v  J  AN  TIT'/  UP  ACM 

1834  LF 

150  LF  y 

t ASSESSMENT  DAMAGE 

1  10 

i  1 0 

EXPOSURE 

1  -V  a 

1  *.  A 

;  is 

PF:  I  uR  I  TV 

3  B 

!  B 

rGr.OSENECjS  MATERIAL  - 

Thermal  Systems  Ins.  -  Trowel i 

cd  On 

r  10* in*  SPACE 

Boilssr  RDGfT: 

ASBESTOS  TYPE/  V. 

Chrysatile/  A 

SAMPLES  TALEM 

04.  05,  06 

O-'AN-ITY  OF  ACM 

58  6=-  J 

a 

l 

4 

assessment  damage 

8 

_  —  a 

4 

EXPOSURE 

20 

1 

PRIORI TV 

B 

4 

4 

4 

HOMOGENEOUS  MATERIAL.  - 

Thermal  Sy^t  er=s 

1 

i 

•  Ins.  -  Ma^  Tanks  | 

4 

1 

FUNCTIONAL  SPACE  ! 

Boi  1  er  ftow*7*  1 

Suiler  Ksqto  \ 

4 

• 

« 

ASBESTOS  TVPs/  7*  i 

Cnrys-ot  i  I  ©/  5  ‘ 

Chrysotile/  D  l 

* 

I 

AmoEite/  30  i 

Amomite/  30  l 

4 

* 

sampled  TAKEN  \ 

25,  26.  27  I 

AU  ^  AO  *  -L.  /  t 

i 

QUANTITY  0”  ACM  ! 

530  SF  y  \ 

162  £F  /! 

* 

1 

1 

<*+  «.»»  - -  . - — - mmmm.  ^  4m^. _ t 

_ r_  _ _ »  — _  » 

:t  damage 

13 

i  o  : 

t 

EXPOSURE  : 

0*%  “  i 

i 

2*0  l 

P 

PR  I  DR  I T  V  ! 

8 

&  : 

4 

S-10 


ogt  is  'se 
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EXECUTIVE  SUMMARY  TABLE 


BUILDING  100 

Non-Fri ab 1 e  Materials 


f 

• 

i HOMOGENEOUS  MATERIAL  - 

l 

Mi  seel  1  an ecus 

-  9"  >;  9“  Flcortile  ! 

i FUNCTIONAL  SPACE 

B^seoient 

! Second  Balcony 

;AS5E5TCS  TYPE/  7. 

Chrysotile/  1 

'Chrysotile/  2 

; samples  taken 

.  27  ^  28 

t  41 

: QUANTITY  OF  ACM 

400  SF  y 

200  sf  y 

■  « 

SASEESSI-SEWT  DAMAGE 

—  — 

\  , _ 

Exposure 

— 

i  — 

:  PRIORITY 

F 

;  F 

l 

! HOMOGENEOUS  MATERIAL  - 

l 

l 

i 

Miscellaneous  ■ 

-  Gasket  ttateria.l  » 

:FwNTt:ona_  space 

Seecr  c  Eol con/ 

*  tv*r  m  —  Tvr  rr  ' 

iMSi'LDtLfw  l  1  r 1;  /  /. 

t 

I 

1 

Chrysotile/  25 

J  S  i- ;  M  r  L  E  5  T  AK  E 11 1 

29,  30,31 

.‘QUANTITY  OF  ACM 

5  SF  y 

t  Assessment  damage 

; 

■  EXPOSURE 

— 

:  PRIORITY 

F 

*  « 

i 

! HOMOGENEOUS  MATERIAL  -  ! 

T  j 

*  r 

1 

; functional  space 
* 

i  ASBESTOS  TYPE/  V. 

1 

: SAMPLES  TAKEN 

: QUANTITY  CF  ACM 

1  i?  C  1‘MT-  .  r  ^  v  r  r- 

rtiu  wC  Qv  ‘  i"i  ■  lim  rrt'C  L 

!  EXPOSURE 

!  PRIORITY 

* 

* 

7™ 

s-ll 

OCT  IS 


32 


G2: 20PM  BASE  CLOSURE  DIV 


P. 10/31 


EXECUTIVE  SUMMARY  TABLE 


BUILDING  100 

Fr  i  a£>i  e  M*teri  el  s 


^  HGi  _G£N^CUc  MATERIAL  Thermal  Systems  Ins,  -  Domestic  Water 

i 

! functional  S^ACE 

1  _ 

*  Basement 

!  First  Floor 

!  Second  Floor 

!  ASBESTOS  TYPE/ 

i 

t 

!  SAMPLES  TAKEN 

1 

! Chrysoti  1  ©/  6C 
1 

i 

!  10  thru  1 i 

NChrysotlle/  6C 
< 

1 

i  !  7 

>  1  Chrysoti  1  5/  fc' 

1 

1 

;  is 

!  CSUANt  ITY  OF  ACM 

» ashes smen"  damage 

E  X  “  L'SUF.E 
:  PRIORITY 

> 

: _ y 

I  10 

i  12 

:  c 

6  1/2  SF  y/ 

«  1  'll 

:  12 

!  C 

I 

rl  6  1/2  SF 

*  1 0 

!  1 2 

C 

^WENTCUS  material  -  Then**:  Sy.t™.  InS.  -  Cpnc.  Line  C»c«Sng 

*  sU  ■.  iJN^L  3 FACE 

_ ^ _ _ 

■  &3P2G7QS  T  ^E/  7, 

• 
i 

1  ^  _  —  —  _ 

5  5^5nt 

Chrysoti  1  @/  40 

■ - - - - - - 

: SAMPLES  TAKEN 

i  m _ _  ^  ^ 

; QUANTITY  or  ACM 

' ASSESSMENT  DAMAGE 

E  ■*  P'DSURE 
PRIORITY 

b 

*ZA 

—  *■  *  1  -L 

--TEOfZ 

5 

1  1 

C 

— - ,, - - 

- - - 

‘  icOJS  MATERIAL  -  Tnc-raal  Systems  Ins.  E;:t.  Line  Fucking  ! 

t  ^  a _ _ _ _  ; 

*  PUNC  71  CrCA.ip,  SPACE  ! 

i  ^ 

E-.ts-i  or  ! 

*  t 

*  MODL4'  l  J-.  TV  PE/  7*  l 

1 

1 

Cnry^Qt ;Je/  1  1 

• 

i 

1 

i 

4 

1 

j 

•  SAMPLES  TAKEN  ! 

3c,  39,  40  i 

4 

* 

f 

:  l'LJANT  I  Tv  of  ACM  ; 

""  ~  **"  ”  r  1 

I  ASSESSMENT  DAMAGE  ! 

exposure  i 

PRIORITY  : 

i 

BSF  7; 

V  1 

l  1  \ 

C  : 

* 

f 

i 

1 

1 

i 

I 

f 

1 

i 

i 

i 

1 

1 

1 

1 

1 

t 

S-12 
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EXECUTIVE  SUMMARY  TABLE 

BUILD I NS  100 

Fr i abl e  Mater i al  s 


.HOMOGENEOUS  MATERIAL  -  Thermal  Systems  Ins.  -  Steam  Line  Fittings 
* 


i FUNCTIONAL  space 

!  Basement 

f 

i 

! ASBESTOS  TYPE/  % 

•  Chrysot i  I  e/  SC 

r  1 

> 

1 

l 

: samples  TAKEN 

!  01,  02 ,  05 

t 

1 

JDUANTI-Y  of  ACM 

■  1/2  5F  J 

4 

i 

J  ASSESSMENT  DAMA3E 

\  E 

1 

1  EXPijSUR^ 

:  is 

1 

( 

>  PRIORITY 

i  c 

1 

i 

i 

1  HOMOGENEOUS  MATERIAL  - 

;  hfi  r  m*I  Sy s 1 0ms  I ni.  ~  F.^dCtor  "" i  p e  SysteiTi 

:  functional  ss,ACE 

Basement 

!  ASBESTOS  T  YFE  f  */. 

Cnrysotiie/  Z 

! SAMPLES  TAKEN 

04 ,  C5 ,  Ot 

! QUANT I TV  OF  AOr, 

24  SF  y/ 

’ ASSESS M ENT  DAMAGE 

“  "  '  “  11  ■  ™ 

EXPOSURE 

A  ^ 
i  mL 

!  PRIORITY 

D 

! HOMOGENEOUS  MATERIAL  - 

Thermal  Systems 

Ins.  -  Freon  C 

irculating  L:n 

i functional  space  : 

Basement  J 

*  asbestos  type/  %  \ 

Chrysctiie/  fao: 

: SAMPLES  TAKEN  j 

07,  OB,  09 

i 

i 

: Quantity  of  acm  s 

S'  >/| 

iASSOSSMONT  DAMAGE  J 

£  ! 

i 

!  EXPOSURE  i 

11  ! 

. 

:  PRIORITY  i 

c  : 

I 

S-13 
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P. 12/31 


EXECUTIVE  SUMMARY  TABLE 
BUILD I NQ  J3i 

Friable  Meter j  al s 


I HOMOGENEOUS  MATERIAL  -  Thermal  Systems  Ins, 


-Air  Cell 


[FUNCTIONAL  SPACE 

West  Stairwell 

2nd  Floor 

( 

i 

Chryscti 1 e/  15 

Chrvsot i I e/  15 

BA'-=LE3  TAKEN 

Similar  to  104 

104 

QUANT  tv  OF  ACM 

24  LF  y 

372 

\ 

i 

a SEES EM ENT  DAMAGE 

15 

*  - \ 

EXPOSURE 

14 

1  ^ 

PRIORITY 

C 

D 

-JmNECUS  MATERIAL  -  Therms!  Sys^ 


ems  Ins.  -  Paper  Wrap 


[FUNCTIONAL  SPACE 

:ASEE5TC£?  TYRE/  7. 
| 
i 

J SAMPLES  TAKEN 

l  _[rM_i  _  _ 

*  TUAr-T  :  T  *  C*  A£m 


; assessment  damage 

>  EXPOSURE 

;  PRIORITY 


Easement 
Chryscti  le«  15 

116,  117,  us 

070  lf  y 


i  d 

12 


1st  F  2 

Cnrysot  lie?/  25 

114.  115 

10  LF7 


2  1 
1  0 


wfemt^rs  Cist, 
Lhr ysStil*/  15 

113 
36  LF 


IHOKCSSWEOUS  *•»:«.  -  Th-„1  S„teM  I„s.  -  nodded  Fitting  -  P 


: FUNCT I  ORAL  SPACE 

t  _ 

I  A  ^  ■»-,  l~  — ’  -f»  ^  —  ■H-  ,  —  , -  , 

1  ape  s  ■  _ta  TYPE/  ■/, 


: samples  taken 

I  ,M  a  B 

:  OJA/  T?Ti  0r 


:<T  DAMAGE 
EXPOSURE 
PRIORITY 


Bi.sement 

Ihrysct  i  1  *=■/  2! 


A  / 


1st  FI 


«f  2ne  Fir 


Chrysctile/  23 


-hrysct  i  it''  23  : 


1 20 
£  £: 


S-14 
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executive  summary  table 


building 

131 

F r  i  ab  1  e  Mat  sr  i  a  1  s 

IHOMSEZNEDUS  MATERIAL  -  Th.rMl  Systems  Ins.  -  M.gne.,*  j 

■ PUNCTI CNAL  SPACE 

i  _ _ _ 

!  ASBESTOS  T  >'FE/  7. 

! 

i  _ 

■  Attic 

Chr-ysotile/  4C 

!  First  FJocr 

) ! Chrysot i Is/  4C 

i 

1 

S&smt  -  No.  End! 

> ! Chrysot i 1 e/  40 ! 

! samples  Taken 

i  —  — 

95 

!  96,  97 

'  9a  to  112  : 

tCJAMITY  0“  ACM 

1  _ 

60  LP 

:  59  LF  / 

!  114  LF  y/‘, 

'ASSESSMENT  DAMAGE 
exposure 

'  PR I  OR I TV 

* 

& 

It 

C 

?  '  ^ 

Jt  -T 

S  10 

\  c 

t 

\  n  t 

I  17  \ 

i  a/  : 

HCiMTSarJEOuS  MATERIAL  - 

i 

Thermal  Systems  Ins.  -  Magr.es 

is  ; 

I  ^  ■  l  1  *  ^  “  f"  t  ;  ■  i  .">■  —  »  *  u 

'*  1  *LPiML 

>  _ 

i 

1  ASBESTOS  TYPE/  */. 

I 

CMryset  i  I  e/  4;/ 

i 

t  w _ _  ___ 

#  i 

*  samples  taken 

f  — 

9B  to  no 

! 

•  OUAN'TITY  OF  ACM 

■’  ASOESBMEN'i  DAMAGE 

exposure 

PRIORITY 

l 

KO  LF  / 

1 1 

IS 

c 

- - - 

i 

i 

t 

■ 

i 

r 

i 

! HOMOGENEOUS  MATERIAL  - 

Thermal  Systems 

J 

Ins.  -Air  Cel i  < 

FUNCTIONAL  SPACE  ,‘BsmtCrewl  Space; 

Ba&sm&nt  ; 

—  # 

asbestos  TYPE/  •/.  ft 

t 

-hrysot :  1  e/  15! 

I 

r 

Chrysotile/  15  I 

i 

f 

Chryaotal©/  is: 

SAMrw=_;3  TAKEN  \  Similar  to  104! 

OLiANTIT-'  CP  ACM  ;  200  LF  ! 

no,  in,  in  : 

1030  LF  .  i 

—  Cm  a  /  __  . 

107,  103,  109  ! 

E6  LF  ; 

ASSESSMENT  DAMAGE  j 

c,  X  POSURE  ; 

PRIORITY  ; 

14  * 

17  ; 

&  : 

■ 

1Z  \ 

i 1  ; 

c  : 

id  ; 

l  i  : 

£~  f 

S-15 
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92 


02  =  21R1  EASE  CLOSURE  DIV, 


P. 14/31 


EXECUTIVE  SUMMARY  TABLE 
&UILDXN&  131 
Friable  Materials 


'  \ 
■  HOml'ceNEOUS  MATERIAL  —  Thermal  Systems  Ins,  —  Tank  Jacket  ! 


! FUNCTIONAL  SPACE 

’  Box  1 @r  Room 

!  ASBESTOS  TYPE/  */. 

t 

1 

Chrysotile/  70 

: samples  taken 
*  .  . 

171,  172,  173 

* CUANT I i Y  Or  ACM 

■  z.  z  rKh  r\i ^  CAMACC 

i  EXPOSURE 

*  PR I CPI TV 

38  Sr  \/ 

20 

— 

?  HOMOGENEOUS:  MATERIAL  - 

( 

*  imm 

;fj:;c“icna_  e='Ace 

i  M 

: ASBESTOS  TYPE/  \ 

SAMPLES  TAKEN 

QUANTITY  OF  ACM 

ASSESSMENT  DAMAGE 

EXPOSURE 

PRIORITY 

HOMOGENEOUS  MATERIAL  - 

functional  space  \ 

i 

1 

t 

f 

!  ASBESTOS  TYPE/  V. 

i 


I  SAMPLES  TAKEN 

! - - - 

*  QU<-'iT«  i  I  T  i  lF  AC  M 


: ACSCSSMSKT  tAMASE 
i  EXPOSURE 

!  PRIOR  IT  i" 


I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 


S-16 
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P. 15/31 


EXECUTIVE  SUMMARY  TABLE 
BUILD I NS  229 

Fri abl e  Materi  al  &> 


I 

(HOMOGENEOUS  MATERIAL  -  Thermal  Systems  Ins,  -  Magnesia  Pipe 


!  FUNCTIONAL  space 

1  — 

!  Pump  House 

!  Exterior 

:  ASBESTOS  TYPE/  */. 

I 

l 

J Amosi t e/  20 
!  Croci dal i  te/7 

(  Similar  to 
i  Sample  Ol 

(SAMPLES  TAKEN 

!  01,  02,  03 

*  - 

{QUANTITY  OF  ACM 

(ASSESSMENT  DAMAGE 

;  exposure 

i  PRIORITY 

1  - 

i  120  LF  7" 

i  9 

i  20 

i  B 

(  90  LF  >/ 

i  14 

1  7 

s  o  s 

f 

i  HOMOGENEOUS  MATERIAL  *  Thermal  SySvtE-ms.  In.*.  —  Cetr  dboar d  Wrap 

i functional  space 

Pumphouse 

I  ASBESTOS  TYPE/  V. 

Cnrysot: 1 e/  30 

(SAMPLES  TAKEN 

(QUANTITY  OF  ACM 

04,  00,  06 

3  5  LF 

! ASSESSMENT  DAMAGE 

EXPOSURE 

t  PRIORITY  1 

l  j 

! HOMOGENEOUS  MATERIAL  - 

1 1 

19 

B 

Thermal  Systems 

\  in  a,  -  HudcJ^d 

F  i  C  t  i  n  g  •» 

) FUNCTIONAL  SPACE  : 

Pumphouse 

. . .  .  «  I 

ASBESTOS  TYPE/  %  t 

Chrysct s 3 W  40 

SAMPLES  TAKEN  ! 

07  f  08 ,  09 

_ _ _ JL _ Jj 

r  * 

QUANTITY  OF  ACM  } 

2  SF  VI 

ASSESSMENT  DAMAGE  ! 

EXPOSURE  1 

PRIORITY  ! 

■  • 

io  : 

3  B  ; 

B  -»  t 

i 

1 

1 

1 

i 

| 

1 

1 

S-17 
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EXECUTIVE  SUMMARY  TABLE 
BUI LD I  NS  311 

Friable  Materials 


^  MDMjGcNcDUS  MATtR^AL  -  Thermal  Systems  Ins*  *  ttmqr\tk&iwm  Pi  pe 

1 FUNCT I ONAL  SPACE 

!  '  See  4A 

!  See  4E 

5  See  AC 

lASBtSTGb  TVFE/  % 

i 

SAmcsite/  30 
iChrysotiJe/  DC 

{ Air^site/  30 
ilChrysoti  1  e/  25 

ifimosite/  30 
; !  Chrysc-t  i  1  e/  25 

: samples  taken 

MiS,  116,  H7 

<115,  116,  117 

ill5,  316,  IIP 

! QUANTITY  CP  ACM 

121*  LF  s/^ 

IAS  LF  y/ 

i  ;rL7  7 

: assessment  damage 
<  EXPOSURE 

PRIORITY 

1 

*  7 

1  17 

B 

1 

■  IS 

;  17 

i  b 

:  9 

!  15 

l  E: 

.  Hu'Mwj&Ne:3.L'E  MATERIAL  -  Thermal  Systems  Ins.  -  Air  Cell 

:fjnc~ tonal  e- ace 

.ASBESTOS  -'■!?£/  % 

1 

GH  E'£iv  ArcrS 

Chr y=ct :1c-/  30 

- - - 

- - - . - - 

;  samples  taken 

i 

112,  liC,  H4 

: quantity  cp  acm 
*  «. 

: ASSESSMENT  DAMAGE 

*  w^L‘r\~ 

f  f;  I  DR  I  T  v 

i 

i 

I  105  Lr  yf 

9 

4 

J  « 

B 

:  HD“D3=.N»QuS  MATERIAL  -  Thermal  Systems  Ins.  -  Tank  Jackets 

■  FUNCTIONAL.  SPACE  j 

hen's  Locker  } 

Room  ; 

ASBESTOS  TYPE/  ’/.  ; 

I 

1 

Amosite/  38  J 

Chrysoti I e/  AD ! 

f 

i 

4 

« 

SAMPLES  TAKEN  ; 

127,  128,  129  1 

i 

QUANTITY'  DF  ACM  ; 

ASSESSMENT  DAMAGE  : 

EXPOSURE 

PRIORITY  ; 

« 

60SF  i 

B  i 

1  L 

C  1 

i 

i 

•i 

► 

* 

* 

1 

i 

i 
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P. 17/31 


EXECUTIVE  SUMMARY  TABLE 
BUILDINS  311 
Friable  Materials 

HOMOGENEOUS  MATERIAL  -  Thermal  Systems  Ins.  -  Skim  Ccat  on 


F i bergl as* 

FUNCTIONAL  SPACE 

X*  Ray  Facility 

ASBESTOS  TYPE/  '/. 

Chrysetile/  60 

SAMPLES  TAKEN 

01,  02,  03 

QUANTITY  CF  ACM 

562  SF 

ASSESSMENT  DAMAGE 

16 

EXPOSURE 

IT 

PRIORITY 

B 

RDM DGE 7v£ 2 US  MATE F:  I  A.L  — 

Thermal  Systems  Ins..  -  Canvas 

and  Tar  or 

Ductwor k 

r  J!\„  ?  I  3  r j — „  SPACE 

X  Ray  Facility 

ASBESTOS  TYPE/  L 

Chrysotile/  2 

SAMPLER  TAKEN 

04,  OS,  06 

QUANTITY  OF  ACM 

ASSESSMENT  DAMAGE 

ii 

EXPOSURE 

17 

PRIORITY 

E 

HOMOGENEOUS  MATERIAL  - 

Thermal  Systems  Ins-  ~  Madded 

Fittings  on 

Paper 

FUNCTIONAL  SPACE 

All  ©>;High  Eav 

High  Bay  A 

ASBESTOS  TYPE/  % 

Chrysetile/  40 

"h r  y  sot i 1 s/  40 

SAMPLES  TAKEN 

121,  122,  123 

Similar  to  121 

QUANTITY  CF  ACM 

17  SF 

41  ir 

Aft.  ..  3MEN  l  L  ttMA  '_r  r. 

7 

JT1 

W 

EXPOSURE 

13 

)  6 

PRIORITY 

C 

C 
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EXECUTIVE  SUMMARY  7A&i_E 


BUILDING  312 
Fri able  rate1- i ai s 


HQ MC GEN ED US  MATERIAL  - 

Tner*mal  Systems  In*.  -  Air  Ceil  Pipe  Insulat! 

functional,  space 

A  nJ  / 

i  ?  ■ 

i  1  i 

ASSES’CS  TYPE/  7. 

Cnrysoti 1 e/  35 

1  i  i 
i  i  i 
i  (  i 
*  i  i 

SAMPLES  taken 

IE,  29,  30 

1  i  i 

l  i  | 

-:F  ac- 

°  i-F 

ASSESSmEn-  DAMAGE 

17 

»  ! 

E  X  -'-jSiJr  z 

17 

i  i 

*  ft I  DP I 7  ■ 

Ay 

*  < 

i  * 

'-C"CGEN5CUS  MATERIAL  - 

Mi  sc  =  I  1  aneBLss  - 

-  Vibration  Damper  ; 

FjNC-IQr.A..  G"  ACS 

Crs  Fir,  1“6 

219  ; 

AS&ESTGE  TvFE/  v 

1  £■  /  fru 

i  | 

1  i 

2  | 

sAMF'i^ES  1  m,*  Ei"  4 

46.  47.  48 

f  t 

%  | 

ANT IT  :  Q"  h  C  7 

“7;"7 

fe  ‘  "  "  "  '  *■  t 

f  1 

ASSESSnEM**  24—A3E 

14 

*  * 

*  1 

h  k  I  IT- 

wh0 

A  / 

i—  A 

t  1 

i  r 

i  ► 

lETl**'1  ‘C  *  A» 

**  W - -  * 

S-20 
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APPENDIX  S.3 

DOCUMENTATION  OF  LEAD-BASED  PAINT  AT  MTL 


MKO  1\RPT : 0228 10 1 1 . 00 1 \phase2ri .  a  pp 


10/26/92 


OCT  IS  '92  02: 41PM  BASE  CLOSURE  DIV. 


P.  20/31— 

*  -U  . 

"■  '  flsnfibnr  * 

■'  n.  ***** 


»r-  ■ 


■  ...  ^  -  "•>  >  r-*.f y  "  1  ^  ~  ^  j-,J"i^"  y.  ■  ' ;  '%£  '•rr-''*  7-  ■?  >-  .^‘  -  t  -4.  ^fc-Sc^fjSjs^E 

'  .1 .'  :A  cont ractor  '.(Lead  Bus  t e r s )^yas  .  coat t acted_wt?  e lea^t^ ^as^ejt^rea^  «■  *■  --  -  ^  ' 

'.including  the’ off i 
dust . discovered  during 
ranges 

2.  The  original  wipe  tests  far  Lead  concentration'  was  ia  a  range  ‘of  872  to. 

24,340  nicrograas 
employees  to  work 


rf.pe  tests  far  lead  concentration  was  in  a  range  Of  */* 
per 'square  foot.  These  levels  were  too  high  to  JLy.OW  ; 

in  the  area  doing  equipment  clean-up.  '  '  '  -  ^"T;T.’ 

"  ‘  v  :v*  '  -  -  -  ,' 


-■f 

M-  ■ . 


3.  The  post  cleaning  samples  ve£e  found  to  be  in  the  range  of  less  than  20  to 
1332  aicrograas  per  square  i&t&Jbia  is  a  significant  reduction  -in  tr.e  aaoieat 
lead  dust  levels  within  the  ~3pH*  basement.  •  ■■  •■  ■  .  /■ '.  .V-'-l  - 


'rflc-T 


(ri-*  *  -  -  ♦  .  s.  *  -*■+ . . 

4.  This  reduction  ia  lead  dust  levels  provided  a  more  healthy  ane  aafe^wo.k 

environment  for  the  employees  who  were  assigned  to  work  in  this  .area.  t-vThis 

clean-up  was  the  combined  effort  of  Facilities,  Safety  and  Material. TUl*ab.lUj_ .  _  .  w 

personnel  and  everyone  should  he  Commended  for  their  efforts,  of  wording -rp<>get  _r_ 

for  the  benefit  cf  MXL  Co  make  this  . place  A  better  place  to  wcr“  mt2  ^  'Vj 

■  ^  v  7  .  -T  ’  \  ■  :: 

5*  This  office  looks  forward  to  continued  improved  cooperation  on  future  work 

projects. 

-  ;; 

-v  ,  a  ."rows*** 

5£^n/  ??Jfcr  Li <iLL±LL  *  v  ■:•:  i  l .  s 

<A  ^ _'» _ .  V**1 _ j-.1  V  '  j-  - 

'JO.**'  >  -  '  cr—.  ■  tnr-lT^i  vC  7-  i  t*  “  J 


CF: 

Dr.  Bishop 
Dr.  '-Chou  - 
Mr." -Deluca 
Mr/J  Crowell 
KrV'Kiliaco 
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F, 21^31 


26  Pearl  SI.  •  Suite  110 
Bellingham,  MA  02019 
508*966-4344 


ENVIRONMENTAL  SCIENCE  LABORATORY,  INC. 

lbabbusters,  INC. 

140  UNION  STREET 

Lynn  ma  01901 


laboratory  report 
JULY  6,  1991 

LEAD  IN  DUST  -  WIPE  SAMPLES 

PAGE  1  OR  1 


ESL  LOG  #:  3224-3237 
COLLECTED:  4-24-91 
RECEIVED:  7-3^91 

ANALYZED:  7-5-91 


PROPERTY  TESTED: 
ARSENAL  STREET 
WATERTOWN  MA 


SAMPLE  ID 


COLLECTION 

SITE 


AREA 

SAMPLED 


RESULTS- 

MICROGRAMS/SQ 


FT 


3224 

AREA 

#1 

3225 

AREA 

#2 

3226 

AREA 

#3 

3227 

AREA 

3226 

AREA 

#5 

3229 

AREA 

*6 

3230 

AREA 

#7 

3231 

AREA 

#8 

3232 

AREA 

#9 

3233 

AREA 

#10 

3234 

AREA 

#12 

3235 

AREA 

#12 

3236 

AREA 

#13 

3237 

AREA 

#14 

6x6 

276 

6x6 

252 

6x6 

252 

6x6 

360 

6x6 

128 

6x6 

488 

6x6 

84 

6x6 

LESS  THAN 

6x6 

104 

6x6 

192 

6x6 

34c 

6x6 

232 

6x6 

1332 

6x6 

104 

NOTE:  Tt'e  area  sampled  is  assumed  to  be  one  square  foot.  If  the  actual 

dimensions  of  the  area  sampled  wei'e  supplied,  the  results  were  adjusted  to 
reflect  a  one  square  foot  area. 


INTERPRETATION  OP  results 
NOTE:  LOWEST  DETECTABLE  LIMIT  20  MCG/SQUARE  7007 
««  INDICATES  RESULTS  GREATER  THAN  ALLOWABLE  THRESHOLD 

****  INDICATES  THAT  NO  THRESHOLD  LEVELS  ARE  DEFINED  FOR  THE  AREA  TESTED 
3VT  RESULTS  EXCEED  THRESHOLD  LEVELS  FOR  WINDOW  SILLS. 


ALLOWABLE  THRESHOLD 
FLOORS  -  200  MICROGRAMS/SQ  FT 
WINDOW  SILLS  -  500  MICROGRAMS/SQ  FT 
WINDOW  TROUGHS  -  3 00  MICROGRAMS/SQ  FT 


Environmental  Science  Laboratory,  In 


see  p  its  emrloyees,  distributors  or 
Afe-ts^  are  not  responsible  for  the  consequences  of  actions  taken  or 
net  taken  baeed  on  results  of  laboratory  test  results  reported  herein 
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P.22/31 


OW>E*  F08  SUPPLIES  OR  SERVICES 


L  PACE  l  Of  i 


t-CQHTKACT/nttCHAM  OlfilS  NO.  «L,«„  »„  |*.  «au,„TlaU. 

PURCHASE  REQUEST  HO.  |DHS  REG  1 

- »  ...  L _ 


**  1SfS  L,  ,  .  Tef°E:  U53Sl,,S  i 7. ADMINISTERED  BY  (If  other  than  block  6> 

*****  ARMY  HATaRIalS  TECHNCLMY  LABORATORY  I 

ATTBs  SLtMT-PRB  Sheili  Winston 
ARSEMAL  STREET,  417-S23-57W 
WATERTOWN,  HA  02173-0001 


CODE: 


9.  CONTRACTOR 
J,a«i  lustm  Inc. 

*ttn;  Patricia  Merrin 
HO  Un  I  or  St. 

p.o.  box  im 

Lym,  HA  D19Q3 


CODE; 


L 


FACILITY  CODE! 


1 10. DELIVERY  TO  FOB  POINT  BY: 

j  10  May  1991 

i _ _ 

j  12. DISCOUNT  TERNS  MET  30 


JB.  DELIVERY  FOB 

jlX)  BEST 
j  [  1  OTHER 

I 

L 


j  13. HAIL  INVOICES  TO:  SEE  Block  K 


(11. CHECK  IF  BUS! Hi  is  IS: 
j IX}  SHALL 
i  l  J  SMALL 

j  disaovamuced 

1 1  1  women  ojf.fi, 


°!  CCI'‘ ;  W*5cwS  }15.  rAYKEiiT  WILL  BC  HADE  BY: 

J'S‘  A.HY  MATERIALS  TECHNOLOGY  LABORATORY  j  Fi NANCE  &  ACCOUNTING  Cr^IC'S 

ITTN:  Dor  CrwtU  SLCMT-CHS  j  U.S.  ARHY  g  J  D  CENTER 

WSENAL  STREET  - - ^  )  KANSAS  ST.,  NATICK,  HA  017a0 

•AiERTOUM.  HA  02172-0001  OAAlOA- 91  -H  -  0322  **  j  OAAi.  04 -91  ■  m- Q3f  B 

16.  ^  ^ 


CODE: 


j  HAZK  All  PACKAGE!  AHp 
j  PAPERS  Wild  PU*0*S£ 
j  Ok  COMPACT  MO. 

J _ 


S!e  “c?  SrWther  G3V€rnment  88en=y  in  *eeordi?ce  hith  •nd  ^ 


TTPE  Cf 

iC£!PHNC£*  contra” Ear  ?  ^  gUQt»-- - - -  {0  burnish  the  following  on  term s  specified  nerein, 

sr.  r  ■■  -  ~  -.«* . 

: .  r,.r,  ras*  su..l:er  last.  ^  Tjt  ,w  m  ,ms 


’■  gars.’tr*8"*”1*1  **"  ^  iM-«m  ««'«■■«  »»■»  u,.«.TO«i,z 


S.  ITEM  MG  j  19,  SCHEDULE  OF  $U*>PL  E££/5ERvJ  ICES 
3C1  1  ConcncEor  shall  simply  labor,  materials, 

j  and  eqL.ipfTje.it  to  furnish  i.ead  abatement  services 
j  fit  the  Army  KattrUis  Technology  laboratory, 

J  3T3W,  Firing  Range.  aU  work  shall  be 

{  ctnpLeted  in  accordance  with  attached  Statement 
)  of  Worfc,  (Attachment  Mo,  IK 


20,  auAWTm 

1 


21.  UMIT 
joo 


22.  UMIT  PRICE 
$7200.06 


““**  “  "AS  EEl‘H  1 27.  SHIP  NO 

*  !ft;i?£vT'S  I  ]  RECEIVES  I  1  ACCEPTED  AWC  CON-  | 


CCh  T  a  id  INS, -ORDERING  OFF; era 


FORMS  TO  CONTRACT  |  1  J  7aRT;AL  1  32,  PAID  BY 

EXCEPT  AS  NOTED  j  I  3  FINAL 

-  i _ L 


LLL — sjj,wAT_yRg  gF  authorizes  cow T  REPwesewtati^e  ;t:  payment 
).  3  ee.-tiiy  this  Account  is  correct  and  proper  {  ;  3  COMPLETE 

fSr  ^y7aen:'  I  I  i  PARTIAL 

— - - - -  i  t  ]  FINAL 

'II - SI  TWA  TORE  AWS.  TITLE  OF  CERTIFYIrfO  r»F;~rga  I _ 


57.  RECflVCr.  AT 


1 32,  Received  by 


J 


JL 


1  TORN  1155 


j39.  date  received  |  ti.  s/r  account  no 
J - - - -J _ _ 


25.  TOT  At, 


20.  DIFFER*  I 
EnCES 


23.  AHOLMT 
$72 QO , OD 


,<72GJ.30 


33.  A*Cuh T  VERIFIED  CORRECT  ‘OR 


34.  CmEC t  kumBER 


35,  BILL  CF  LAD I  KG 


42.  S/R  VOUCHER  WO. 
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P.23/31 

26  Pearl  St.  •  Suite  110 
Bellingham,  MA  02019 
506-966-4344 


ENVIRONMENTAL  SCIENCE  LABORATORY,  INC. 


LEAD  BUSTERS,  INC. 
P-O.  BOX  2298 
LYNN  MA  0L$03 


LABORATORY  REPORT 
FEBRUARY  16.  1991 
LEAD  IN  SOIL 


FACE  1  OF  1 


SSL  LOG  ft:  2107-2125 
COLLECTED: 

RECEIVED:  2-6-51 

ANALYZED :  2/9-13/91 

ID  #  description 


PROFERTY  TESTED: 
ARSENAL  STREET 
WATERTOWN  MA 


MG  SOIL 
SAMPLED 
DRY  WGKT 


MG  LEAD 
PER 

SAMPLE 


PPM 
LEAD 
DRY  WT 


ALL  SAMPLES  ARE  COMPOSITES  FROM  SITES  NOTED 


3UILDING 

117: 

1 

LA  2' 

LA  6  * 

aA  12  f 

WINDOWS  1,  2  S  3 

WINDOWS  1,  2  a  3 

WNDW  1  &  2  (REST  CONCRETE) 

3830 

5160 

2400 

4.975 

5-390 

0. 638 

! 

1934  «< 
2321  «< 
4o6 

kB  2* 

B  6  * 

-B  12  1 

L  OF  WNDWS  1  a  2  &  CHIMNEY 
WINDOWS  1  &  2  &  CHIMNEY 
WINDOWS  1  &  Z  £  CHIMNEY 

2010 

31 6C 

5090 

0. 448 

0.  758 

0. 853 

281 

304 

220 

-C  2  f 

C  £  ' 

C  12’ 

COLMN  1,  WNDW  1  a  CRNR8RD 

windows  1  a  3  a  porch 

WINDOWS  1  &  3  &  PORCK 

2390 

6220 

3830 

0. 780 

2. 354 
1.307 

417 

514 

471 

D  2  f 

D  6* 

C  12* 

WNDW  1/2,  L  WNDW  1,  R  BLKHD 
WNDW  1/2,  L  WNDW  1,  j?  BLKHD 
WNDW  1/2,  L  WNDW  1,  R  BLKHD 

1910 

2380 

3350 

0.  597 

0.  2 80 

0. 893 

394 

146 

373 

GILDING 

118 : 

A  2* 

A  6* 

WNDW  1/2,  WINDW  6,  WNDW  9/10 
WNDW  1/2 ,  WNDOWS  4  a  S 

2300 

1470 

0.359 

C  .  186 

31 6 

257 

B  2*  ** 

B  6  * 

3  12  * 

R  BLOCK,  MID  BLOCK.  L  ELQCK 
WNDW  1,  WNDW  1/2,  WNDW  2/3 
WNDW  1,  WNDW  1/2,  WNDW  2/3 

2740 

2S60 

3220 

0.  242 

0. 429 

0. 810 

137 

350 

310 

C 

:  6  * 

Z  12  ' 

F.  DRAINS  1  a  ll,  R  DOOR  1 
a  DRAIN  1.  L  DOORS  1  &  4 

F  DRAIN  1,  DOORS  1  &  ii 

132C 

970 

4920 

3-  134 

4 . 520 

2. 545 

3239  «< 
4660  «< 
662 

0  2W 

D  6  1 

2  12  f 

WNDW  i/2 ,  WNDW  3,  l  BLOCK 

WNDW  1/2,  WNDW  3,  L  BLOCK 

WNDW  1/2,  WNDW  3,  L  BLOCK 

4260 

3080 

5820 

2. 044 

1-  097 

2 . 100 

642 

4  80 

431 
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S  os  SERVICES 

CHASE  WOES  NO.  |2.  MU  VEST  GROSS  NO.  |3.  DATE  OF  ORDER  |4,  REQUISITION/ 

PURCHASE  REQUEST  NO. 


i  1  OF  5 


uiisim. 


' ISSUED  |Tf  CODE:  |r13ty£ 

f.  ARMT  HATER  I  ACS  TECNNClOQT  LAJORATORT 
TH;  (LOFT-PB8  Marilyn  A.  Sptm«n 
SENAi  JTREET,  $1?/923*S109 
TEUTON*,  HA  C2 172 -0031 


1W1  JAMUABT  28 


HH  0351-6101 


7.  ACN IKE STEREO  BY  (If  other  than  block  6>  CODE: 


X 


DUPLICATE  ORIGINAL 


5.  CERTIFIED  FOR  NA¬ 
TIONAL  DEFENSE  UNDER 
OHS  RED  I 

00 


8.  DELIVERY  F06 

EX)  DEST 
t  1  CT  HER 


CONTRACTOR 


CODE : 


FACILITY.  CODE; 


Lead  Busters,  Inc, 

ATT)):  Patricia  A.  Herrin 
TAD  union  St.,  Suite  LLA 
Lynn,  Ha  01901 


[10. DELIVER!  TO  FOB  POINT  BY: 

t 

I  5  February  1901 


1 12, DISCOUNT  TERNS 
J — Net  30  days 


Tel:  617/592-5523 


j 13. MAIL  INVOICES  TO:  SEE  BLOCK  U 


11. CHECK  IF  BUSINESS  IS: 
(XI  SMALL 
[  )  SMALL 

DISADVANTAGED 
[XI  UCHgN  OUHED 


.SHIP  TO:  ccei:  y 136)6  1 15.  PAYMENT  KILL  f£  HADE  BY; 

¥■  ARMY  MATERIALS  TECHNCLMT  LABORATORY  j  FINANCE  (  ACCOUNT INu  OFFICER 

T)|;  POHALO  CROWELL / SIGHT -PHS/BLDG,  37  j  U-S.  ARMY  RED  CENTER 

SERAL  STREET  j  KANSAS  ?T,,  NATICK,  HA  0T76O 

TE8TCWH.  HA  $21 72- -SKIT  CAAL04-91 -H-01ST  I  DAAL04-91 -h-PIST 


CODE: 


MARK  ALL  PACKAGES  AND 
PAPERS  WITH  PURCHASE 
OR  CONTRACT  NO. 


DELIVER'  t  j  This  efeljyery  order  ia  issued  on  another  Government  agency  In  accordance  with  and  subject  to  terms  and 
PR  OF  Donations  of  above  contract. 

3D 

PURCHASE  1X3  ReF  your  a^te  date  1/25/91  to  furnish  the  following  on  terms  specified  herein. 

GEPTAlfCE:  The  contractor  hereby  accepts  the  offer  represented  by  the  nuibsred  purchase  order  as  it  My  previously  have  been  or  is 
*  modified  aufcjett  to  all  of  the  terms  (  conditions  set  forth  and  agrees  to  perform  the  sane. 


NAME  Of  CONTRACTOR  SIGNATURE  TYPED  NAME  AND  TITLE 

|  |F  THIS  SOX  IS  HARKED,  SUPPLIER  MUST  SIGN  ACCEPTANCE  (  RETURN  1  COPY 


DATE  SIGNED 


ACCOUNTING  ARC  APPROPRIATION  DATA  A/C:  2117325  164  8929  P‘1520  2572  S19129  CC:  1FHC0H2F7T3D4 
.STOCK  BBBj  None 


2D.  QUANTITY 


21.  UNIT 
JDS 


.  ITEM  NO  J  19.  SCHEDULE  Of  SUPPLIES/SERVICES 

! 

0001  }  Contractor  ahali  wifpty  all  labor,  equipment, 

j  materiala,  aervltee,  end  Insurance  to  perform 
j  a  Lead  Inspection  fft  order  to  determine  ;he 
;  presence  and  quantify  of  lead  on  all  intericr 
j  and  exterior  portions  of  the  described  buildings 
j  (Attachment  No.  1  apd  No.  2i  end  surrounding 
j  aoil  adjacent  to  these  building#. 

J  Oui l  ding  117  contain#  seven  rooms  on  two  floor* 
j  and  basement  area.  Building  IIS  contains  three 
j  four  room  spacemens,  two  ffve  room  apartment#  and 

_ L  basement  area.  (Continued  cn  Pace  2) 

.  UNITED  STATES jy  AMERICA 

-51. _ TWHA?  P.  TULL!  y/ _ contract  ing/opsering  off  ire  a 


22.  UNIT  PRICE 
NOT  TO  EXCEED 
S1.665.CC 


ijsuiam. 


•  QUART ITT  IN  COLUMN  20  HAS  SEEN  /  |27.  SHIP  H3 

I  INSPECTED  I  1  RECEIVED  |  ]  ACCEPteb  AND  COM-  J 


|  29.  DIFFER- 

J £3££S 


FORMS  TC  CONTRACT  |  £  J  PARTIAL 
EXCEPT  AS  NOTED  j  T  J  FINAL 

X 


i£ - SIGMAT-JPE  of  AUTHORISED  QCVT  REPRESENTATIVE  131 .  PAYMENT 

.  I  certify  this  account  if  correct  and  proper  j  [  J  COMPLETE 
for  payment.  .  j  f  ]  PARTIAL 

.)  t  )  FINAL 


28.  D.D.  VOUCH*;  NO  ;  30. 

INITIALS 


23.  AMOUNT 

NOT  TO  EXCEED 
SI, 665. 00 


NOT  TC  EXCEED 


J- 


32.  PAID  BT 


|  33.  AMOUNT  VERIFIED  CORRECT  FOR 


J- 


j  34.  CHECK  NUMBER 


|  35.  BILL  OF  LADING 


X 


i£ _ SIGNATURE  AND  TITLE  CF  CERTIFYING  OFFICER  j 

RECEIVED  AT  |34.  RECEIVED  BY  |39.  DATE  RECEIVED  j  41.  S/R  ACCOUNT  NO  1  42.  S/K  VOUCHER  NO. 

— - : - - - - 1 - ! _  j _ I _ 
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FORM  1155 


OCT  IS  '92  B2:^4Pn  B3SE  CLOSURE  DIV* 


P, 25^31 


COdJKUATION  SHEET 

ftEFEREUCE  SO.  OF  DOCUMENT  @EING  CONTINUES 

P.mm-0T-H-0T61 

|  PACE  2  Of  S  PACES 

1 

.  1 

NAME  Of  Of FEROR  OH  CONTRACTOR 

LEAD  BUSTERS.  £flCr 

ITEW-M5 - [ 

SWPL I ES7  SERVICES  .  ■  QUANTITY  1  UNIT 

J 

UNIT  PRICE  1  AMOUNT 

MQT  TQ  EXCEED 


f To* t trsfi  shell  he  accarpUshed  by  using  il,$,  Nous*  j 
jing  and  Urban  paytlopant  (HU0)  testing  protocol,  j 
| HID  requires  ihf  us  of  x-ray  f Louoresw-ence  (XFR)  [ 
(to  deterairw  preserve  pf  lead.  Any  lead 
| surface  with  e  le^d  content  of  |.0  mg/ca  cr  higher} 
janail  be  cemldaiw  qt  Lead  based  mt trill. 

I  i 


This  |f  a  XGT  TG  EXCEED  order,  ff  you  can  not  perform  in  exact  accordance  with  this  order ,  wirhholc  perforawnce  and  notify 
ft**  Contracting  Cffiter  on  617/923  5726  or  the  purchase*,-^  agent  listed  in  Block  6  icneoi ately.  Please  have  purchase  order 

mrtcr  ready.  * 


CITIZEN  REQUIREMENTS 

Ail  foployeea  who  will  perform  the  requirements  of  th;s  purchase  order  onsite  at  the  LLS.  Army  Materiel*  Techno  Logy 
Laboratory  shall  be  CITEZIH3  Of  THE  UNITED  STATES  CF  AMERICA-  The  Goverrmnt  shall  have  and  shall  exercise  full  and 
caafilete  centre!  aver  cfenyins  facility  access  to  contractor  cc^loyeas  who  are  not  Araerican  citizens* 


ctitkwt  magma 

bCMALO  CRQyEL^/SLOf?  DH$,  617/921-5367  is  designated  $s  contract  inspector  to  Inspect  and  accept  services  rendered, 
bpon  accept  area  of  work  ha  Mill  complete  fora  KHK  464  end  mall  the  original  to  the  Procurement  division  CPR6)  with  one 
copy  to  SLCHT'LOC*  ME  IS  NOT  author i ted  to  direct  the  contractor  to  perform  work  beyond  that  listed  in  this  purchase 
order,  yarviors  art  cautioned  not  ts  take  direction  from  the  Inspector  that  conflicts  with  the  terms,  conditions,  or 
prlc-a  (fated  herein. 


Contractor  shall  be  paid  after  completion  of  job  and  upon  certification  by  the  Contract  Inspector,  Don  Crowell* 

AH  work  shall  be  perforated  Monday  *  Friday  between  the  hours  of  SrOO  a.m.  -  4: 30  p.m,  except  Federal  holidays, 

INVOICING  BT  CONTRACT 

SLtfflit  your  invoice  to  the  Contract  Inspector  designated  above*  Invoices  shall  reference  the  purchase  order  nunber  *-  j- 

set  forth  in  Block  I*  page  \  of  tba  CD  Form  '155,  Should  you  have  inquiries  as  to  payment  status,  you  should  contact 
the  Ccrrmercial  Accost s  Office,  finance  and  Account ifls  Office,  N&tidt,  MA (  Tel  No;  (503)  651*4561-4532. 

ATTENTION:  Failure  to  submit  yocr  Invoice  directly  to  the  Contract  Inspector  will  result  in  payment  del  ay  I H 


THIS  ORSIR  IS  EXEMPT  FROM  MASSACHUSETTS  SALES  TAX,  TAX  EXEMPTION  CERTIFICATE  NUMBER  IS  £-042-104*496* 

IF  THIS  iS  A  TIME  A*0  MATERIALS  OBOSR,  YOU  M*J$!  EXECUTE  ANO  SUSHI T  ATTACHED  RELEASE  OF  CLAIMS  FORM  WHh  TOL!»  InVCtCE. 


SKAU  BUSINESS  SUE  SrWAftQ 

The  Standard  Industrial  Clarification  Code  applicable  £o  this  ecquisiti or-  Is  8999*  For  p^rpeses  of  this 
proeureutem,  the  qualifying  Industry  Sicall  Business  Site  U  governed  by: 

Dti  the  average  annual  sales  or  receipts  a*  the  concern  and  its  affiliates 
for  the  preceding  th-~ee  fiscal  years  which  irus:  not  exceed  $3.5. 
t  l  the  nutter  of  j  jr-loyees  shall  nut  exceed  _ . 

' - — L. - .._  _ _j _ | _ i 

KH  TSsO-01  *152*8607  sam-wn 


± 


OPTIONAL  fCSH  3J6  (-*36) 


SC334-TC1 
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APPENDIX  S.4 

MTL  PCB  TRANSFORMER  INVENTORY 


MKO  1\BPT: 0228 1 0 1 1 .00  l\phase2ri  .app 


10/26/92 


MTL  PCB  Transformer  Inventory 


Location 

Size  (KVA) 

Comments 

PCB  Assumed 
Estimated 

Gallons 

Retrofill 

Date 

Building  39-Roof 

Switch 

OK 

500  ppm 

35 

Left  intact 

Building  39N-Roof 

1,000 

OK 

500  ppm 

280 

1993 

Building  39S-Roof 

1,000 

OK 

5000  ppm 

280 

1993 

Building  43- West 

1,000 

OK 

6700  ppm 

380 

Left  intact 

Building  100-East 

1,000 

OK 

180  ppm 

380 

Left  intact 

Building  311-West 

1,000 

OK 

500  ppm 

397 

1992 

Build:ng  311-East 

500 

OK 

500  ppm 

172 

1991 

Building  311-East 

545 

OK 

500  ppm 

320 

1993 

Building  312-North 

1,000 

OK 

500  ppm 

420 

Left  intact 

Building  312-South 

47-  x  1.9 -gallon 
capacities  and  3 
spares 

OK 

500  ppm 

95 

Left  intact 

MKO  1\RPT: 0228 1 0 1 1 . 00  l\phase2ri  .app 
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APPENDIX  S.5 

ANALYTICAL  DETECTION  LIMITS 


MKO  1\RPT; 0228 10 1 1 *00 l\phase2ri-app 


10/26/92 


LABORATORY  ANALYTICAL  METHODS  AND  DETECTION  LIMITS 


METHOD  NO 

METHOD  NAME 

!  MEDIA 

1  UNITS 

1  LIMIT 

1 

1 - ‘ - — 

00 

|  - 

0.000000 

99 

I 

0.000000 

AA9 

I AROMAT1CS/SOIL/GCPID 

'SO 

UGG 

0.260000 

AA9 

AROMATICS/SQIUGCPID 

so 

UGG 

0,085000 

AA9 

AROMATICS/SOIUGCPID 

so 

UGG 

0.160000 

AA9 

AROMATICS/SOI  UG  C  P 1 D 

Iso 

lUGG 

0.190000 

AA9 

AROM  ATI  CS/SOI L/GCP1D 

so 

UGG 

0.390000 

AAAS 

ORGANOSULFURS/WATER/GCFP 

[WA 

UGL 

5.000000 

AAAS 

rORGANOSULFURS/WATER/GCFP 

WA 

UGL 

5.690000 

|  AAAS 

'ORGANOSULFURS/WATER/GCFP 

WA 

UGL 

11.500000 

AAAS 

ORGANOSULFURS/WATER/GCFP 

WA 

UGL 

7.460000 

AAAS 

ORGANOSULFURS/WATER/GCFP 

WA 

fUGL 

1,340000 

AAAS 

ORGANOSULFURS/WATER/GCFP 

WA 

lUGL 

0.550000 

AAAS 

ORGANOSULFURS/WATER/GCFP 

WA 

UGL 

2  380000 

AT8 

ORGANOPHOSPHOR/WATER/GCFP 

WA 

UGL 

0,392000 

ATS 

ORGANOP  HOSPHOR/WATE  R/GCFP 

'WA 

UGL 

0.188000 

AV8 

AROM  ATI  CS/W  ATE  R/G  CP  1 D 

WA 

1  UGL  0.482000 

AVS 

AROM  ATI  CS/W  ATE  R/GCPID 

WA 

UGL  0.566000 

AVB 

AROMATIC  S/W  ATE  R/G  C  P 1 D 

iWA 

UGL  1.320000 

AVB 

AROMATICS/WATE  R/G  C  P 1 D 

WA 

UGL  0.579000 

AVS 

AROMATICS/WATE  R/G  C  P)  D 

WA 

UGL 

1,050000 

AVS 

AROM  ATI  C  S/W  ATER/G  CP  1 D 

WA 

UGL 

1.390000 

AVS 

AROM  ATI  CS/W  ATE  R/G  CPI  D 

WA 

UGL 

1,370000 

AVS 

AROMATICS/WATER/GCPID 

WA 

UGL 

1.470000 

AVS 

AROMATICS/WATE  R/G  C  P 1 D 

UGL 

1.360000 

AW8A 

ORGANOPHOSPHOR/WATER/GCFP 

WA 

UGL 

0.650000 

AX8 

M  ET  ALS/WATE  R/G  FAA 

WA 

UGL 

2.350000 

AY8 

PESTICIDES/WATER/GCEC 

WA 

UGL 

0,195000 

AZS 

THIQDIGLYCOL/WATE  R/HPLC 

WA 

UGL 

6,690000 

B9 

METALS/SOIL/GFAA 

SO 

UGG 

2.500000 

CCS 

MET ALS/W  ATE  R/C  VAA 

WA 

UGL 

0  100000 

DDS 

HYDRA2INES/WATER/SPECT 

WA 

UGL 

2.500000 

DDD9 

HYDRAZINES/SOIUSPECT 

SO 

UGG 

50,000000 

EE8 

HYDRAZINES/WATER/SPECT 

WA 

UGL 

20.000000 

EEE9 

HYDRAZINES/SOIL/SPECT 

SO 

UGG 

200.000000 

FF8 

H  YDRAZI NES/WATER/SPECT 

WA 

UGL 

25,000000 

FFF9 

HYDRAZINES/SOIL/SPECT 

SO 

UGG 

200.000000 

G8 

ORGANONITROGEN/WATER/GCNP 

WA 

UGL 

0,200000 

GS 

ORGANONITROGEN/WATER/GCNP 

WA 

UGL 

0.140000 

GG8 

MET  ALS/WATE  R/ICP 

WA 

UGL 

500.000000 

GGS 

M  ET  ALS/WATE  R/l  C  P 

WA 

UGL 

8400000 

GG8 

M  ET  ALS/W  ATE  R/l  C  P 

WA 

UGL 

24.000000 

GGS 

MET  ALS/W  ATE  R/l  C  P 

WA 

UGL 

26.000000 

GGS 

M  ET  ALS/WATE  R/l  C  P 

WA 

UGL 

250.000000 

GG8 

METALS/WATER/1  CP 

WA 

UGL 

500.000000 

GGS 

M  E  TALS/WATE  R/ICP 

WA 

UGL 

940.000000 

GGS 

METALS/WATER/ICP 

WA 

UGL 

74.000000 

GG8 

MET  ALS/WATE  R/FC  P 

WA 

UGL 

22.000000 

GG9 

ORGANON  ITROGEN/SOIL/GCNP 

SO 

UGG 

0,260000 

GG9 

ORGANON  ITROGEN/SOIUGCNP 

so 

UGG 

0.100000 

HH8 

ANIONS/WATER/IONCHROM 

WA 

UGL 

2500.000000 

HHS 

ANIONS/WATER/lONCHROM 

WA 

UGL 

560.000000 

HHS 

ANIONS/WATER/IONCHROM 

WA 

UGL 

5000,000000 

HHSA 

ANIONS/WATER/IONCHROM 

WA 

UGL 

720.000000 

HH8A 

AN  tONS/WATE  R/ION  CH  ROM 

WA 

UGL 

482  000000 

HHSA 

ANIONS/WATER/IONCHROM 

WA 

UGL 

251.000000 

HH9 

ORGANOSULFURS/SOIL/GCFP 

SO 

UGG 

2,040000 

HHP 

ORGANOSULFURS/SOIL/GCFP 

SO 

UGG 

4,400000 

HH9 

ORGANOSULFURS/SOIL/GCFP 

SO 

UGG 

4.810000 

10/23/92 
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LABORATORY  ANALYTICAL  METHODS  AND  DETECTION  LIMITS 


METHOD  NO. 

METHOD  NAME 

[MEDIA 

!  UNITS  LIMIT 

- - - — 

■HH9 

ORGANOSULFURS/SOIL/GCFP 

SO 

'UGG 

9,010000 

HH9 

ORGANOSULFURS/SOIL/GCFP 

so 

UGG 

1  450000 

HH9 

ORGANOSULFURS/SGIL/GCFP 

SO 

UGG 

3,120000 

HH9 

ORGANOSULFURS/SOIL/GCFP 

[SO 

UGG 

1 .740000 

HHH9 

A  N IO  NS/S  0  [  LJ1 ONC  H  ROM 

so 

UGG 

14,000000 

HHH9 

ANIONS/SOIUIONCHROM 

so 

UGG 

10.000000 

HHH9 

AN10  NS/SOI  L/IONCHROM 

so 

UGG 

88,000000 

JA02 

MAGNESIUM/SGIL/AA 

so 

UGG 

2,370000 

JD20 

METALS/SOI  L/GFAA 

so 

UGG 

0  449000 

JD21 

METALS/SQI  L/GFAA 

so 

UGG 

0.467000 

JD22 

SILVER/SOI  L/GFAA 

so 

!UGG 

0.012400 

JD23 

VANADIUM/SOI  L/GFAA 

.so 

UGG 

0.941000 

JJS 

ORGAN!  CS/WATER/GCMS 

^WA 

UGL 

14  000000 

JJ8 

ORGAN!  CS/WATER/GCMS 

WA 

UGL 

24.000000 

JJ8 

ORGAN!  CSAVATER/GCMS 

WA 

UGL 

7  500000 

JJS 

ORGANICS/WATER/GCMS 

WA 

UGL 

5.600000 

JJS 

ORGAN  ICS/WATER/GCMS 

WA 

UGL 

21  000000 

JJS 

ORGAN  ICS/WATER/GCMS 

WA 

UGL 

9.400000 

JJS 

ORGAN  ICS/WATER/GCMS 

WA 

UGL 

17  000000 

JJS 

ORGAN  ICS/WATER/GCMS 

WA 

'UGL 

29,000000 

JJS 

ORGAN!  CS/WATER/GCMS 

WA 

UGL 

7  200000 

JJ8 

ORGAN!  CS/W  ATE  R/GCMS 

WA 

UGL 

19000000 

JJS 

ORGANICS/WATER/GCMS 

WA 

UGL 

7  300000 

JJ8 

ORGANICS/WATEFt/GCMS 

WA 

UGL 

17  000000 

JJS 

ORGAN  ICS/WATER/GCMS 

WA 

UGL 

6.400000 

JJS 

ORGANICS/WATER/GCMS 

WA 

UGL 

14.000000 

JJS 

ORGANICS/WATER/GCMS 

WA 

UGL 

21.000000 

JJS 

ORGANICS/WATER/GCMS 

WA 

UGL 

4.700000 

JJS 

ORGANICS/WATER/GCMS 

WA 

UGL 

33.000000 

JJS 

ORGANICS/WATER/GCMS 

WA 

UGL 

4400000 

JJS 

ORGANICS/WATER/GCMS 

WA 

UGL 

8000000 

JJS 

ORGANICS/WATER/GCMS 

WA 

UGL 

3700000 

JJS 

ORGAN  ICS/WATER/GCMS 

WA 

UGL 

14  000000 

JJS 

ORGAN  ICS/WATER/GCMS 

WA 

UGL 

7900000 

JJS 

ORGANICS/WATER/GCMS 

WA 

UGL 

6.100000 

JJS 

ORGANICS/WATER/GCMS 

WA 

UGL 

9.200000 

JJS 

ORGANICS/WATER/GCMS 

WA 

UGL 

19.000000 

JJS 

ORGANICS/WATER/GCMS 

WA 

UGL 

9.300000 

JS06 

METALS/SOIl/ICP 

SO 

UGG 

1.550000 

JSOS 

METALS/SOIL/ICP 

SO 

UGG 

22  200000 

JS05 

METALS/SOIL/ICP 

SO 

UGG 

6.270000 

JS12 

METALS/SOIL/ICP 

SO 

UGG 

0,803000 

JS12 

METALS/SOIL/ICP 

SO 

UGG 

1 1 .200000 

JS12 

METALS/SOIL/ICP 

so 

UGG 

16  400000 

JS12 

METALS/SO!  L/ICP 

so 

UGG 

6.640000 

JST2 

METALS/SOIL/ICP 

so 

UGG 

3,290000 

JS12 

METALS/SOIL/ICP 

so 

UGG 

0427000 

JS12 

METALS/SOIL/ICP 

so 

UGG 

25  300000 

JS12 

METALS/SOIL/ICP 

so 

UGG 

1,200000 

JS12 

METALS/SOIL/ICP 

so 

UGG 

2.500000 

JS12 

METALS/SOIL/ICP 

so 

UGG 

1  040000 

JS12 

METALS/SOIL/ICP 

so 

UGG 

2.840000 

JS12 

METALS/SOIL/ICP 

so 

UGG 

6660000 

JS12 

METALS/SOIL/ICP 

so 

UGG 

131  OOQ0OO 

JS12 

METALS/SOIL/ICP 

so 

UGG 

10  100000 

JS12 

METALS/SOIL/ICP 

so 

UGG 

9.870000 

JS12 

METALS/SOIL/ICP 

SO 

UGG 

14.300000 

JS12 

METALS/SOIL/ICP 

so 

UGG 

38.700000 

JS12 

METALS/SOIL/ICP 

so 

UGG 

2.740000 

1 0/23/92 
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LABORATORY  ANALYTICAL  METHODS  AND  DETECTION  LIMITS 


METHOD  NO. 

METHOD  NAME 

MEDIA 

Tunits 

LIMIT 

[ 

1 -  — - 

JS12 

METALS/SOIMCP 

SO 

1  UGG 

7440000 

JS12 

METALS/S  OIL/1  CP 

so 

UGG 

19.600000 

JS12 

METALS/SO  IL/1CP 

so 

UGG 

20700000 

|  JS12 

METALS/SOIL/ICP 

so 

UGG 

7.430000 

JS12 

METALS/SOI  L/ICP 

so 

UGG 

14.900000 

JS12 

METALS/SOI  L/tCP 

so 

UGG 

34.300000 

JS12 

M  ET  ALS/SO 1 U1 C  P 

so 

UGG 

1  410000 

JS12 

METALS/SOIUICP 

so 

UGG 

2.340000 

JY03 

HEXCHROM/SOIUAUTOANALYZE 

so 

UGG 

1  000000 

KF1S 

CYANIDE/SOIUCOLORMETRIC 

so 

UGG 

0.250000 

KF17 

NIT/SOI  L/TECHNICON 

so 

UGG 

1. 000000 

KF18 

INORGAN  IC-N0NMETAL750IUT 

!so 

luGG 

4!  600000 

KK8 

PESTICI DES/WATER/GCEC 

WA 

UGL 

0.050000 

KK8 

P  E  STI C 1 D  E  S/WATE  R/G  CE  C 

WA 

UGL 

0,048000 

KK8 

P  ESTICI  DES/WATER/GCEC 

WA 

UGL 

0.095000 

KK8 

PESTtCIDESAWATER/GCEC 

WA 

UGL 

0.050000 

KK8 

PESTICIDES/WATER/GCEC 

1  WA 

UGL 

0  050000 

KK6 

PESTICIDES/WATER/GCEC 

WA 

luGL 

0.051000 

KK8 

PESTICIDES/WATER/GCEC 

WA 

UGL 

0.054000 

KK8 

PESTICIDES/WATER/GCEC 

WA 

UGL 

0.049000 

KK9A 

PESTICIDES/SOIUGCEC 

SO 

(UGG 

0,001900 

KK9A 

PESTICI  DES/SOIL/GCEC 

so 

UGG 

0.001800 

KK9A 

PESTICI  DES/SOIUGCEC 

Iso 

UGG 

0.023000 

KK9A 

PESTICI  DES/SOIUGCEC 

so 

UGG 

0.003300 

KK9A 

PESTICIDES/SOIL/GCEC 

so 

UGG 

0  X5800 

KK9A 

PESTICIDES/SOIUGCEC 

so 

UGG 

0,001 100 

KK9A 

PESTICIDES/SOIL/GCEC 

so 

UGG 

0.002400 

KK9A 

PESTICIDES/SOIUGCEC 

so 

UGG 

0.002000 

KK9B 

PESTICIDES/SOIUGCEC 

so 

UGG 

0.002110 

KK9B 

PESTICIDES/SOIUGCEC 

so 

UGG 

0.001370 

KK9B 

PESTICIDES/SOIUGCEC 

so 

UGG 

0  023000 

KK9B 

PESTICIDES/SOIUGCEC 

so 

UGG 

0.001810 

KK9B 

PESTICIDES/SOIUGCEC 

so 

UGG 

0004710 

KK9B 

PESTICIDES/SOIUGCEC 

so 

UGG 

0,001880 

KK9B 

PESTICIDES/SOIUGCEC 

so 

UGG 

0,004660 

KK9B 

PESTICIDES/SOIUGCEC 

so 

UGG 

0.002770 

KKK9 

PESTtCIDES/SOlUGCEC 

so 

UGG 

0.053000 

KKK9 

PESTICIDES/SOIUGCEC 

so 

UGG 

0.071000 

KKK9 

PESTICIDES/SOIUGCEC 

so 

UGG 

0.260000 

KKK9 

PESTICIDES/SOIUGCEC 

so 

UGG 

0.085000 

KKK9 

PESTICIDES/SOIUGCEC 

so 

UGG 

07  70000 

KKK9 

PESTICIDES/SOIUGCEC 

so 

UGG 

0  077000 

KKK9 

PESTICIDES/SOIUGCEC 

so 

UGG 

0.084000 

KKK9 

PESTICIDES/SOIUGCEC 

so 

UGG 

0.130000 

KT07 

ANIONS/SOIUIONCHROM 

so 

UGG 

5.000000 

KT07 

ANIONS/SO  I/IONCH  ROM 

so 

UGG 

7.120000 

KT07 

ANIONS/SOIUIONCHROM 

so 

UGG 

6.360000 

KT07 

ANIONS/SOIUIONCHROM 

so 

UGG 

5.000000 

L9 

ORGAN  ICS/SOIUGCMS 

so 

UGG 

0,400000 

L9 

ORGAN  ICS/SOIL/GCMS 

so 

UGG 

1.000000 

L9 

ORGAN  ICS/SOIUGCMS 

so 

UGG 

0.300000 

L9 

ORGAN  ICS/SOIUGCMS 

so 

UGG 

0.300000 

L9 

ORGAN  ICS/SOIUGCMS 

so 

UGG 

0.600000 

L9 

ORG  AN  1 CS/SOIUGCM  S 

so 

UGG 

2  000000 

19 

ORGANICS/SOIUGCMS 

so 

UGG 

0.900000 

L9 

ORGANICS/SOIUGCMS 

so 

UGG 

0*300000 

L9 

ORGANICS/SOIUGCMS- 

so 

UGG 

0  300000 

L9 

ORGANICS/SOIUGCMS 

so 

UGG 

0.300000 

L9 

ORGANICS/SOIUGCMS 

so 

UGG 

1.000000 
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METHOD  NO. 

METHOD  NAME 

MEDIA 

UNITS 

LIMIT 

L9 

ORGANICS/SOIL7GCMS 

so 

UGG 

3.000000 

L9 

ORGANICS/SOIL/GCMS 

SO 

UGG 

3,000000 

L9 

ORGANICS/SOIL/GCMS 

sc 

UGG 

1 ,000000 

L9 

ORGANICS/SOIL/GCMS 

so 

UGG 

0.400000 

19 

ORGANICS/SOIL/GCMS 

so 

UGG 

0300000 

19 

ORGAN  ICS/SOI  UGCMS 

so 

UGG 

0600000 

IB 

ORGANICS/SOIL/GCMS 

so 

UGG 

0  500000 

L9 

QRG  ANfCS/SOIL/GCMS 

Iso 

UGG 

0.300000; 

L9 

ORGANICS/SOIL/GCMS 

SO 

UGG 

0.700000 

L9 

ORGANICS/SOIL/GCMS 

so 

UGG 

0.300000 

L9 

ORGANIC  S/SO  1 L/GCM  S 

so 

UGG 

0.600000 

L9 

ORGANICS/SOIL'GCMS 

so 

UGG 

0.500000 

L9 

ORGAN  ICS/SOEUGCMS 

SO 

UGG 

0,900000 

L9 

ORGANIC  S/S  Ol  l/GCM  S 

so 

UGG 

0.600000 

LEGS 

NITROCELLULOSE/SQIL/TECH 

so 

UGG 

23.100000 

LG06 

H  ALOCARBO  NS/SQ 1 L/GCH  ALL 

SO 

UGG 

0,018700 

LG06 

HALOCARBONS/SOIL/GCHALL 

so 

UGG 

0010100 

LG06 

HALO  CARBONS/SO  ILYGCH  ALL 

so 

UGG 

0 109000 

LG06 

HALOCARBONS/SOIL/GCHALL 

SO 

UGG 

0  062300 

LG06 

H  ALOCARBONS/SO  IL/GCH  ALL 

SO 

UGG 

0.095900 

LG06 

HALOCARBONS/SOJL/GCHALL 

so 

UGG 

0.102000 

LG06 

HALOCARBONS/SOIL/GCHALL 

SO 

luGG 

0.016700 

LG06 

HALOCARBONS/SOIL/GCHALL 

so 

UGG 

0.015100 

LG06 

H  A  LO  C  A  R  BO  N  S/SO  1 UQC  HALL 

so 

UGG 

0067400 

LG06 

HALOCARBONS/SOIL/GCHALL 

so 

UGG 

0  082000, 

LG06 

HALOCARBONS/SOIL/GCHALL 

so 

UGG 

0.050000 

LG06 

HALOCARBONS/SOIL/GCHALL 

so 

UGG 

0.147000 

LG06 

HALOCARBONS/SOIL/GCHALL 

so 

UGG 

0 010600 

LG06 

H  ALO  C  A  R  BO  NS/SO  1 17  GC  HALL 

SO 

UGG 

0  185000 

LG06 

H  ALOCARBO  NS/SO  IL/GCH  ALL 

so 

UGG 

0375000 

LG  06 

HALOCARBONS/SOIL/GCHALL 

so 

UGG 

OT46D0O 

LG  06 

H  ALOCARBO  NS/SOIL/GC  HALL 

so 

UGG 

0  027100 

LG  06 

HALOCARBONS/SOIL/GCHALL 

so 

UGG 

0.083700 

LG06 

H  ALOCARBO  NS/SOIL/GC  HALL 

so 

UGG 

0  544000 

LG  06 

H  ALOCARBO  NS/SOILyGCH  ALL 

SO 

UGG 

0 192000 

LG06 

HALOCARBONS/SOIL/GCHALL 

so 

UGG 

0456000 

LG06 

H  ALOCARBO  NS/SO  IL/GC  HALL 

SO 

UGG 

0  031000 

LG06 

H  ALO  CAR  BO  NS/SO  1 173  C  H  A  LL 

so 

UGG 

0.045300 

LG06 

HALO  GARBO  NS/SOIUGC  HALL 

so 

UGG 

0  072100 

LG06 

HALOCARBONS/SOtUGCHALL 

so 

UGG 

0025000 

LG06 

H  ALO  C  ARBO  NS/SO  t  L/GC  HALL 

SO 

UGG 

0.012800 

LG06 

HALOCARBONS/SOIL/GCHALL 

so 

UGG 

0  043000 

LH16 

PESTICIDES/SOIL/GCEC 

so 

UGG 

0 154000 

LH1S 

PESTICIDES/SOIUGCEC 

so 

UGG 

0.080000 

LH15 

PEST1CIDES/SOIUGCEC 

so 

UGG 

0  126000 

LH16 

PESTlCIDES/SOiL/GCEC 

so 

UGG 

0159000 

LH15 

PESTICIDES/SOIL/GCEC 

so 

UGG 

0 148000 

LH17 

P  ESTI 01 DE  S/SO  1 L/G  C  E  C 

so 

UGG 

0.002800 

LH17 

PESTICIDES/SOIL/GCEC 

so 

UGG 

0.001000 

LH17 

PESTICIDES/SOIL/GCEC 

so 

UGG 

0.001400 

LH17 

PESTICiDES/SOlUGCEC 

so 

UGG 

O.0O77OO 

LH17 

P  E  S  Tl  Cl  DE  S/SO  f  L/G  C  E  C 

so 

UGG 

0.000700 

LH17 

P  ESTI  01 DES/SOIL/GCEC 

so 

UGG 

0,068400 

LH17 

PESTICIDES/SOIL/GCEC 

so 

UGG 

0.008500 

LH17 

PESTICIDES/SOIL/GCEC 

so 

UGG 

0.001600 

LH17 

PESTICIDES/SOIL/GCEC 

so 

UGG 

0,006500 

LH1 7 

P  ESTICI  DES/SOIL/GCEC 

so 

UGG 

0.002200 

LH17 

PESTICIDES/SOIL/GCEC 

so 

UGG 

0001300 

LH17 

PESTICIDES/SOIL/GCEC 

so 

UGG 

0003000 
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METHOD  NO. 

METHOD  NAME 

MEDIA 

UNITS 

1  LIMIT 

LH17 

'PESTICIDES/SOIL/GCEC 

SO 

|UGG 

0,001000 

LH17 

PESTICIDES/SOIL/GCEC 

SO 

UGG 

0.035900 

LH17 

PESTICIDES/SOIL/GCEC 

SO 

UGG 

0  100000 

LH17 

PESTICI DES/SOIL/GCEC 

so 

UGG 

0.047900 

LH17 

PESTICIDES/SOIL/GCEC 

so 

UGG 

0002700 

LH17 

PESTICIDES/SOIL/GCEC 

so 

UGG 

0002700 

LH17 

PESTICIDES/SOIL/GCEC 

so 

UGG 

0003500 

LH17 

PESTICIDES/SOIL/GCEC 

so 

luGG 

0.226000 

LH18 

HERBICfDES/SOlUGCEC 

so 

UGG 

0  035600 

LH1S 

HEBBICIDES/SOIL/GCEC 

so 

UGG 

0.020100 

LH18 

iHERBICIDES/SOIL/GCEC 

so 

UGG 

0.030000 

LJ05 

PHENOLS/SOIL/GCPID 

so 

UGG 

1.090000 

LJ05 

P  H  E  NO  LS/SOl  L7G  CP  1 D 

so 

IUGG 

0.798000 

U05 

PHENOLS/SOIL/GCPID 

so 

'UGG 

2.050000 

U05 

PHENOLS/SOIL/GCPID 

,so 

UGG 

0.518000 

LJ05 

PHENOLS/SOIL/GCPID 

so 

UGG 

0.797000 

LJ05 

PHENOLS/SOIL/GCPID 

so 

UGG 

0.263000 

U05 

PHENOLS/SOIL/GCPID  . 

iso 

UGG 

1  040000 

U05 

PHENOLS/SOIL/GCPID 

so 

UGG 

3,510000 

U05 

PHENOLS/SOIL/GCPID 

so 

UGG 

53.900000 

LJ05 

PHENOLS/SOIL/GCPID 

ISO 

UGG 

0.202000 

LL05 

ORGANOSULFURS/SOIL/GCFP 

so 

UGG 

5.130000 

LLOS 

ORGANOSULFURS/SOIL/GCFP 

SO 

UGG 

3.200000 

LLOS 

ORGANOSULFURS/SOIL/GCFP 

so 

UGG 

13,000000 

LL05 

ORGANOSULFURS/SOIL/GCFP 

so 

UGG 

3.330000 

LL05 

0  RG  ANO  S  U  LF  U  RS/SOJ  L/G  CFP 

so 

UGG 

0.800000 

LLOS 

ORGANOSULFURS/SOIL/GCFP 

so 

UGG 

0.802000 

LLOS 

ORGANOSULFURS/SOIL/GCFP 

so 

UGG 

1.600000 

LL8 

AN  tO  N  S/WATE  R/TE  CH  N 1  GO  N 

WA 

UGL 

10.000000 

LL9 

AGENTPRODS/SOIL/HPLC 

so 

UGG 

35.500000 

LL9 

AGENTPRODS/SOIL/HPLC 

so 

UGG 

4.200000 

LM23 

VOLATILES/SOI  L/GCMS 

so 

UGG 

0.200000 

LM23 

VO  LATI  LES/SOI L/G  CM  S 

so 

UGG 

0.330000 

IM23 

VQLAT1LES/SQI  L/GCMS 

so 

UGG 

0.2700001 

LM23 

VO  L  ATI  LE  S/SO  1  L/G  CM  S 

so 

UGG 

0490000 

LM23 

VOLATI  LES/SOI  L/GCMS 

so 

UGG 

0.500000 

LM23 

VOLATILES/SOI  L/GCM  S 

so 

UGG 

0.320000 

LM23 

VOLATI  LES/SOI  L/GCMS 

so 

UGG 

0.320000 

LM23 

VOLATILES/SOI  L/G  CM  S 

so 

UGG 

0,530000 

LM23 

VOLATI  LES/SO!  L/G  CM  S 

so 

UGG 

0,140000 

LM23 

VOLATILES/SOI  L/GCMS 

so 

UGG 

0.200000 

LM23 

VOLATILES/SOI  L/GCMS 

so 

UGG 

0.230000 

LM23 

VOLATILES/SOI  L/GCMS 

so 

UGG 

0.500000 

LM23 

VOLATI  LE  S/SOI  UGCMS 

so 

UGG 

3.300000 

LM23 

VOLATILES/SOI  L/G  CMS 

so 

UGG 

2.000000 

LM23 

VOLATI  LES/SOI  L/GCMS 

so 

UGG 

0,200000 

LM23 

VOLATI  LES/SOIL/GCM  S 

so 

UGG 

1,800000 

LM23 

VOLATI  LES/SOIL/GCMS 

so 

UGG 

0,640000 

LM23 

VOL  ATI  LES/SO  l  LVG  CM  S 

so 

UGG 

0.100000 

LM23 

VOLATILE  S/SOIL/GCMS 

so 

UGG 

0.230000 

LM23 

VOLATI  LE  S/SOJ  L/G  CM  S 

so 

UGG 

0.310000 

LM23 

VOLATILES/SOI  L/GCMS 

so 

UGG 

2  400000 

LM23 

VOLATI  LES/SOI  LVGCMS 

so 

UGG 

4.400000 

LM23 

VOLATI  LES/SOI  L/GCMS 

so 

UGG 

0260000 

LM23 

VOLATI  LES/SOI  L/GCMS 

so 

UGG 

0960000 

LM23 

VO  LATI  LE  S/SO  1  L/G  CM  S 

so 

UGG 

0200000 

LM23 

VOLATI  LES/SOIUGCMS 

so 

UGG 

0.240000 

LM23 

VOLATI  LES/SOIL/GCM  S 

so 

UGG 

0.100000 

LM23 

VO  LATI  L  ES/SO 1  L/GCM  S 

so 

UGG 

0.250000 
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METHOD  NO 

-METHOD  NAME 

'MEDIA 

UNITS 

LIMIT 

LM23 

VOLATILES/SOI  L/GCMS 

SO 

LIGG 

0.200000 

LM23 

VOLATI  LES/SOIUGCMS 

so 

UGG 

0  100000 

LM23 

VOLATILES/SOI  L/GCMS. 

so 

UGG 

0 190000 

LM23 

VOLATILES/SOI  L/GCMS 

so 

UGG 

0.100000 

,LM23 

VOLATILES/SOI  L/GCMS 

SO 

UGG 

0.100000 

LM23 

VOLATILES/SOI  L/GCMS 

so 

UGG 

4300000 

LM23 

VOLATILES/SOI  L/GCMS 

so 

UGG 

0630000 

LM23 

VOLATILES/SOI  L/GCMS 

so 

I  UGG 

0.200000 

LM23 

VO  L  ATI  L  E  S/SO  1 L/G  CM  S 

so 

UGG 

0.160000 

LM23 

VOLATILES/SOI  L/GCMS 

Iso 

UGG 

0230000 

LM23 

VOLATILES/SOI  L/GCMS 

so 

UGG 

0.780000 

LM25 

SEMIVOLATILES/SOIUGCMS 

so 

UGG 

0.032000 

LM25 

SEMIVOLATILES/SOIUGCMS 

so 

UGG 

0.220000 

LM25 

SEMIVOLATILES/SOIUGCMS 

so 

UGG 

0.042000 

LM25 

SEMI  VOLATI  LES/SOIUGCMS 

so 

UGG 

0520000 

LM25 

S  EM  1  VO  LATI LES/SO  t  L/G  CM  S 

so 

UGG 

0.050000 

LM25 

SEMIVOLATILES/SOIL/GCMS 

so 

UGG 

0  042000 

LM25 

SEMIVOLATILES/SOIL/GCMS 

so 

UGG 

0  034000 

LM2S 

SEMIVOLATILES/SOIL/GCMS 

so 

UGG 

0620000 

LM25 

SEMIVOLATILES/SOIL/GCMS 

so 

UGG 

0.490000 

LM2S 

SEMIVOLATILES/SOIL/GCMS 

so 

UGG 

0520000 

LM25 

SEMIVOLATILES/SOIL/GCMS 

so 

UGG 

0.061000 

LM25 

SEMIVOLATILES/SOIL/GCMS 

so 

UGG 

0065000 

LM25 

SEMIVOLATILES/SOIL/GCMS 

so 

UGG 

3000000 

LM25 

SEMI  VOLATI  LES/SQI  L/GCMS 

so 

UGG 

4  700000 

LM25 

SEMIVOLATILES/SOIL/GCMS 

SO 

UGG 

1.400000 

LM2S 

SEMIVOLATILES/SOIL/GCMS 

so 

UGG 

0  570000 

LM25 

SEMIVOLATILES/SOIL/GCMS 

so 

UGG 

0.320000 

LM25 

SEMIVOLATILES/SOIL/GCMS 

so 

UGG 

0  055000 

L.M25 

SEMIVOLATILES/SOIUGCMS 

so 

UGG 

0.350000 

LM25 

SEMI  VOUVTI  LES/SOIUGCMS 

so 

UGG 

0.240000 

LM25 

SEMIVOLATILES/SOIL/GCMS 

so 

UGG 

0.057000 

LM25 

SEMIVOLATILES/SOIL/GCMS 

so 

UGG 

0.150000 

LM2S 

SEMIVOLATILES/SOIL/GCMS 

SO 

UGG 

0.032000 

LM2S 

SEMIVOLATILES/SOIL/GCMS 

so 

UGG 

0098000 

LM25 

SEMIVOLATILES/SOIL/GCMS 

SO 

UGG 

1  100000 

LM25 

SEMIVOLATILES/SOIL/GCMS 

so 

UGG 

1  600000 

LM25 

SEMIVOLATILES/SOIL/GCMS 

so 

UGG 

1  600000 

LM25 

SEMIVOLATILES/SOIL/GCMS 

so 

UGG 

3  000000 

LM25 

SEMIVOLATILES/SOIL/GCMS 

so 

UGG 

0  340000 

LM2S 

SEMIVOLATILES/SOIL/GCMS 

so 

UGG 

0.300000 

LM25 

SEMIVOLATILES/SOIL/GCMS 

so 

UGG 

0.041000 

LM25 

SEMI  VO  LATI  LES/SOIL'G  CMS 

so 

UGG 

0930000 

LM25 

SEMIVOLATILES/SOIL/GCMS 

so 

UGG 

0.170000 

LM25 

SEMIVOLATILES/SOIUGCMS 

so 

UGG 

0.240000 

LM25 

SEMI  VOLATI  LES/SOIUGCMS 

so 

UGG 

3.300000 

LM25 

SEMIVOLATILES/SOIUGCMS 

so 

UGG 

1  300000 

LM25 

SEMI  VOLATILES/SOl  UGCMS 

so 

UGG 

0.400000 

LM25 

SEMI  VO  LATI  LE  S/SO  1 UG  CMS 

so 

UGG 

1  300000 

LM25 

SEMI  VOLATILES/SOl  UGCMS 

so 

UGG 

0.041000 

LM25 

SEMI  VOLATILES/SOl  UGCMS 

so 

UGG 

0.033000 

LM25 

SEMI  VOLATILES/SOl  UGCMS 

so 

UGG 

0710000 

LM25 

SEMIVOLATILES/SOIUGCMS 

so 

UGG 

0 065000 

LM25 

SEMIVOLATILES/SOIUGCMS 

so 

UGG 

0 190000 

LM25 

SEMIVOLATILES/SOIUGCMS 

so 

UGG 

0  440000 

LM25 

SEMIVOLATILES/SOIUGCMS 

so 

UGG 

0.360000 

LM25 

SEMIVOLATILES/SOIUGCMS 

so 

UGG 

0480000 

LM25 

SEMIVOLATILES/SOI  UGCM  S 

so 

UGG 

0  041000 

LM25 

SEMIVOLATILES/SOIUGCMS 

so 

UGG 

1  200000 
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METHOD  NO. 

METHOD  NAME 

MEDIA 

1  UNITS 

!  LIMIT 

! 

LM25 

SEMIVOLATILES/SOIL/GCMS 

ISO 

UGG 

0.310000 

LM25 

SEMIVOLATI LES/SOIUGCMS 

SO 

UGG 

1.300000 

LM25 

SEMI  VO  LATI LES/S  Q  1  UG  CM  S 

so 

UGG 

1.800000 

LM2S 

SEMIVOLATILES/SOIL/GCMS 

so 

UGG 

2.400000 

LM25 

^  EMI  VO  LATfLES/SOJ  L/GCMS 

so 

UGG 

0.180000 

LM25 

SEMI  VOLATILE  S/SOI  L/GCMS 

Iso 

UGG 

0.130000 

LM2S 

SEMI  VOUVTI  LES/SOIUGCMS 

so 

UGG 

0,032000 

LM25 

SEMI  VOLATILES/SOI  L/GCMS 

so 

UGG 

0.032000 

LM2S 

SEMIVOLATILES/SOIL/GCMS 

so 

'UGG 

0.080000 

LM25 

SEMIVO  LATI  LES/SOI  L/GCMS 

so 

UGG 

0.520000 

LM25 

SEMIVOLATI  LES/SOIUGCMS 

so 

UGG 

1.800000 

LM25 

SEMIVOLATI  LES/SOIUGCMS 

'SO 

UGG 

0,680000 

LM25 

SEMIVO  LATI  LES/SOI  UG  CMS 

so 

UGG 

0.097000 

LM25 

1  SEMI  VOLATILES/SO  1  UG  CMS 

so 

UGG 

0.320000 

LM25 

SEMIVO  LATILES/SOIUGCMS 

so 

UGG 

0.066000 

LM25 

SEMIVOLATI  LES/SOIUGCMS 

Iso 

UGG 

0.310000 

LM25 

SEMIVOLATILES/SOIUGCMS 

so 

UGG 

0.071000 

LM25 

SEMI  VO  LATILES/SOIUG  CM  S 

so 

UGG 

0.210000 

LM25 

SEMIVOLATILES/SOIUGCMS 

so 

UGG 

0.038000 

LM25 

SEMIVOLATILES/SOIUGCMS 

so 

UGG 

0.570000 

LM25 

SEMIVOLATILES/SOIUGCMS 

so 

UGG 

0.063000 

LM2S 

SEMIVOLATILES/SOIUGCMS 

so 

UGG 

0.240000 

LM25 

SEMIVOLATILES/SOIUGCMS 

so 

UGG 

0.060000 

LM25 

SEMIVOLATILES/SOIUGCMS 

so 

UGG 

0.065000 

LM25 

SEMIVOLATILES/SOIUGCMS 

so 

UGG 

0,079000 

LM25 

SEMI  VOUTI  LES/SOIUGCMS 

so 

UGG 

0  063000 

LM25 

SEMIVOLATILES/SOIUGCMS 

so 

UGG 

1.300000 

LM25 

SEMIVOLATILES/SOIUGCMS 

so 

UGG 

0  230000 

LM25 

SEMIVOLATILES/SOIUGCMS 

so 

UGG 

0  065000 

LM25 

SEMIVOLATILES/SOIUGCMS 

so 

UGG 

1.300000 

LM25 

SEMIVOLATILES/SOIUGCMS 

so 

UGG 

1  800000 

LM25 

SEMIVOLATILES/SOIUGCMS 

so 

UGG 

1,200000 

LM2S 

SEMIVOLATILES/SOIUGCMS 

so 

UGG 

0.032000 

LM25 

SEMIVOLATILES/SOIUGCMS 

so 

UGG 

0.065000 

LM25 

SEMIVOLATILES/SOIUGCMS 

so 

UGG 

0.970000 

LM25 

SEMIVOLATILES/SOIUGCMS 

so 

UGG 

0.240000 

LM25 

SEMIVOLATILES/SOIUGCMS 

so 

UGG 

0480000 

LM2S 

SEMI  VOLATILE  S/SOIUG"CMS 

so 

UGG 

2400000 

LM25 

SEMIVOLATILES/SOIUGCMS 

so 

UGG 

0430000 

LM25 

SEMIVOLATILES/SOIUGCMS 

so 

UGG 

0.390000 

LM25 

SEMIVOLATILES/SOIUGCMS 

so 

UGG 

0.100000 

LM25 

SEMIVOLATILES/SOIUGCMS 

so 

UGG 

0.260000 

LM25 

SEMI  VO  LATHE  S/SO]  L/GCMS 

so 

UGG 

0.140000 

LM2S 

SEMIVOLATILES/SOIUGCMS 

so 

UGG 

0.180000 

LM25 

SEMIVOLATILES/SOIL/GCMS 

so 

UGG 

0.740000 

LM2S 

SEMIVOLATILES/SOIUGCMS 

so 

UGG 

1  800000 

LM25 

SEMIVOLATILES/SOIUGCMS 

so 

UGG 

0,220000 

LM25 

SEMIVOLATILES/SOIUGCMS 

so 

UGG 

0.460000 

LM25 

SEMIVOLATILES/SOIUGCMS 

so 

UGG 

1  100000 

LM25 

SEMIVOLATILES/SOIL/GCMS 

so 

UGG 

0.290000 

LM25 

SEMIVOLATILES/SOIL/GCMS 

so 

UGG 

0,075000 

LM25 

SEMIVOLATILES/SOIL/GCMS 

so 

UGG 

0,320000 

LM2S 

SEMIVOLATILES/SOIUGCMS 

so 

UGG 

0.790000 

LM25 

SEMIVOLATILES/SOIUGCMS 

so 

UGG 

6.300000 

LM25 

SEMIVOLATILES/SOIUGCMS 

so 

UGG 

0.760000 

lms 

SEMIVOLATILES/SOIUGCMS 

so 

UGG 

0.032000 

LM25 

SEMIVOLATILES/SOIL/GCMS 

so 

UGG 

0.069000 

LM25 

SEMIVOLATILES/SOIUGCMS 

so 

UGG 

0,052000 

LM2S 

SEMI  VO  LATI  LES/SOIUGCMS 

so 

UGG 

0.064000 
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LM25 

SEMI  VOLATJLES/SOI  L/GCMS 

SO 

UGG 

0.068000 

LIU25 

SEMIVOLATILES/SOIL/GCMS 

Iso 

UGG 

0.100000 

LM25 

SEMIVOLATILES/SOIL/GCMS 

SO 

UGG 

1  700000 

LM25 

SEMI  VOLATILES/SOI  L/G  CMS 

SO 

UGG 

0083000 

LM25 

SEMIVOLATILES/SOIL/GCMS 

:$o 

UGG 

0.920000 

LM25 

SEMI  VO  LATI LES/SOI  L/G  CMS 

SO 

UGG 

0  130000 

LM25 

SEMIVOLATILES/SOIL/GCMS 

ISO 

UGG 

12000000 

LN08 

N ITROS  AMI  N  ES/SOIL/NPD 

SO 

UGG 

0006000 

LNOB 

N 1 TROS  AM 1 N  E  S/SOI  L/N  P  D 

so 

UGG 

0.055000 

LN08 

N 1 TROS  AM  f  N  E  S/SO  1 17N  P  D 

so 

UGG 

0  080000 

LW23 

EXPLOSIVES/SOIL/HPLC 

so 

UGG 

0  922000 

,  LW23 

EXPLOSJVES/SOIL/HPLC 

so 

UGG 

0,504000 

LW23 

EXPLOSIVES/SOIL/HPLC 

so 

UGG 

2,000000 

LW23 

EXPLOSIVES/SOIL/HPLC 

so 

UGG 

2.500000 

LW23 

EXPLOSIVES/SOIL/HPLC 

so 

UGG 

2  000000 

LW23 

EXPLOSIVES/SOIL/HPLC 

so 

UGG 

2.000000 

LW23 

EXPLOSIVES/SOIL/HPLC 

Iso 

UGG 

1.140000 

LW23 

EXPLOSIVES/SOIL/HPLC 

so 

UGG 

1  280000 

LW23 

EXPLOSIVES/SOIL/HPLC 

so 

UGG 

2,110000' 

LW27 

NG  AND  PETN/SOIUHPCC 

so 

UGG 

0.510000 

LW27 

NG  AND  PETN/SOIUHPLC 

so 

UGG 

1.000000 

LW28 

TETRAZENE/SOIL/HPLC 

SO 

UGG 

1 .840000 

LW30 

NITROGUANI  DIN  E/SOI  L/HPLC 

so 

UGG 

0  044700 

NS 

H  A  LOC  AR  BO  NS/WATER/GCCON 

WA 

UGL 

0760000 

NS 

H  ALOC  AR  BO  NS/WATER/GCCON 

WA 

UGL 

0780000 

N3 

HALOCARBO  NS/WATER/GCCON 

WA 

UGL 

1  700000 

NS 

HALOCARBO  NS/WATER/GCCON 

WA 

UGL 

0.730000 

NS 

HALOCARBONS/WATER/GCCON 

WA 

UGL 

0,760000 

NS 

HALO  CAR  BO  N  S/W  ATE  R/GCCQ  N 

WA 

UGL 

1  100000 

NS 

HALOCARBONS/WATER/GCCON 

WA 

UGL 

1  010000 

NS 

HALOCARBONS/WATER/GCCON 

WA 

UGL 

0.990000 

N8 

HALOCARBONS/WATER/GCCON 

WA 

UGL 

7  400000 

N8 

HALOCARBONS/WATER/GCCON 

WA 

UGL 

0  500000 

NS 

HALOCARBONS/WATER/GCCON 

WA 

UGL 

0.820000 

N8 

HALOCARBONS/WATER/GCCON 

WA 

UGL 

0750000 

NS 

HALOCARBONS/WATER/GCCON 

WA 

UGL 

0560000 

N9 

VOL  AT  LES/SOI  L/G  CM  S 

SO 

UGG 

0.430000 

N9 

VO  LATI  LES/SOI  L/G  CM  S 

SO 

UGG 

0,390000 

N9 

VO  LATI  LES/SOI  L/G  CM  S 

so 

UGG 

1.700000 

N9 

VOLATILES/SOI  L/GCMS 

SO 

UGG 

0.280000 

N9 

VOLATILES/SOI  L/GCMS 

SO 

UGG 

1.700000 

N9 

VOLATILES/SOI  L/GCMS 

SO 

UGG 

0.560000 

N9 

VO  LATI  LES/SOI  L/G  CMS 

SO 

UGG 

0  740000 

N9 

VOLAT  LES/SOI  L/GCMS 

SO 

UGG 

0  360000 

N9 

VOL  AT  LES/SO!  L/G  CM  S- 

SO 

UGG 

0  250000 

N9 

VOLAT1  LES/SOI  UG  CMS 

SO 

UGG 

0.250000 

N9 

VQLATILES/SOIL/G  CM  S 

SO 

UGG 

0.380000 

N9 

VOL  ATI  LE  S/S  0 1  UG  CM  S 

so 

UGG 

1  500000 

N9 

VOLATILES/SOI  L/G  CMS 

so 

UGG 

0290000 

N9 

VO  LATI  LE  S/SO!  L/G  CM  S 

SO 

UGG 

1  500000 

N9 

VOLATILES/SOIUGCMS 

$0 

UGG 

2400000 

N9 

VOLATI  LES/SOI  L/G  CMS 

so 

UGG 

0640000 

N9 

VOLATILES/SOIUGCMS 

so 

UGG 

20.000000 

N9 

VOLATILES/SOIUGCMS 

so 

UGG 

0  250000 

N9 

VOLATILES/SOI  L/GCMS 

so 

UGG 

0,380000 

N9 

VO  LATI  LES/SOI  L/G  CMS 

so 

UGG 

2 100000 

N9 

VOLATtLES/SOlUGCMS 

so 

UGG 

0  250000 

N9 

VOLATILES/SOI  L/GCMS 

so 

UGG 

0730000' 

N9 

VOLATI  LES/SOI  L/GCMS 

so 

UGG 

0.250000 
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N9 

VOLATILES/SOI  L/GCMS 

ISO 

UGG 

0.540000 

N9 

VO  LAT1 LES/S  0 1 L/G  CMS 

;so 

1  UGG 

4.900000 

NN9 

H  ALOC  AR  BON  S/S  0 1 UG  CCO  N 

iso 

UGG 

0088000 

NN9 

H  ALOC  AR  BO  N  S/SO  I  L/G  CCO  N 

[so 

UGG 

0.260000 

NN9 

H  ALOC  A  R  BO  N  S/SO  1 L/GC  CO  N 

ISO 

UGG 

0.240000 

NN9 

HALOCARBONS/SOIUGCCON 

iso 

UGG 

0.074000 

NN9 

HALOCARBONS/SOIl/GCCON 

Iso 

UGG 

0.260000 

NN9 

HA  LO  CAR  BO  N  S/SO  1 L/GCCQ  N 

"so 

UGG 

0.085000 

NN9 

H  ALO  CAR  BO  N  S/SO  1 L/GCC  0  N 

'so 

UGG 

0.120C00 

NN9 

H  ALO  C  AR  BO  N  S  ,'S  Q 1 L/G  CCO  N 

so 

UGG 

3,700000 

NN9 

HALOCARBONS/SOJL/GCCON 

so 

UGG 

0.068000 

NN9 

HALOCARBONS/SOIL/GCCON 

so 

I  UGG 

O.2O0OO0 

NN9 

H  ALOC  ARSON  S/SOI  UGC  CON 

so 

UGG 

0.270000 

NN9 

H  ALOCARBONS/SOI UGCCON 

so 

IUGG 

0.140000 

P8 

VOLATI LES/W  ATE  R/G  CF  f  D 

WA 

<UGL 

5.900000 

P8 

VOLATILES/WATER/GCFID 

WA 

UGL 

5.000000 

PS 

VOLATI  LES/W  ATE  R/GCFI D 

WA 

UGL 

4900000 

P9 

METALS/SO  I  LA  CP 

SO 

UGG 

0.740000 

P9 

MET  ALS/SO  1 U1 C  P 

SO 

UGG 

6.500000 

P9 

METALS/SO  IM  CP 

SO 

UGG 

4.700000 

P9 

METALS/SOI  Ul  CP 

SO 

UGG 

8.400000 

P9 

METALS/S01U1CP 

so 

UGG 

8.700000 

PP9 

VOLATI  LE  S/SO 1  L/G  C  F 1 D 

so 

UGG 

1,100000 

PP9 

VOLATI  LE  S/SO  1  UG  C  FI  D 

so 

UGG 

0.450000 

PP9 

VOLATI  LES/SOIL/GCF1D 

so 

UGG 

0.640000 

S9 

IPESTICIDES/SOIL/GCEC 

so 

UGG 

0.005000 

SC07 

METALS/WATER/FLAME  AA 

WA 

UGL 

8.350000 

SDie 

METALS/WATER/GFAA 

WA 

UGL 

4  470000 

SD2S 

M  ET ALS/W  ATE  R/G  FA  A 

WA 

UGL 

2.530000 

SD26 

MET ALS/W  ATE  R/G  F  A  A 

WA 

UGL 

0.333000 

SD29 

METALS/WATER/GFAA 

WA 

UGL 

4.380000 

SF01 

CRH  EX/WATER/TECH 

WA 

UGL 

2.500000 

SS12 

METALS/WATER/ICP 

WA 

UGL 

10.000000 

5S12 

M  ET  ALS/WATE  R/I C  P 

WA 

UGL 

112.000000 

SS12 

METALS/WATER/ICP 

WA 

UGL 

117,000000 

SS12 

METALS/WATER/ICP 

WA 

UGL 

230.000000 

SS12 

METALS/WATER/ICP 

WA 

UGL 

2.320000 

ssia 

METALS/WATER/ICP 

WA 

UGL 

1.120000 

SS12 

METALS/WATER/ICP 

WA 

UGL 

105.000000 

SS12 

METALS/WATER/ICP 

WA 

UGL 

6.780000 

SSI  2 

METALS/WATER/ICP 

WA 

UGL 

25.000000 

SS12 

METALS/WATER/ICP 

WA 

UGL 

16.800000 

SSI  2 

METALS/WATER/ICP  - 

WA 

UGL 

18  800000 

SSI  2 

METALS/WATER/ICP 

WA 

UGL 

77  500000 

SSI  2 

METALS/WATER/ICP 

WA 

UGL 

1240  000000! 

SS12 

METALS/WATER/ICP 

WA 

UGL 

135.000000 

SS12 

METALS/WATER/ICP 

WA 

UGL 

9,670000 

SS12 

METALS/WATER/ICP 

WA 

UGL 

52  700000 

SS12 

METALS/WATER/ICP 

WA 

UGL 

279.000000 

SS12 

METALS/WATER/ICP 

WA 

UGL 

32.100000 

SS12 

METALS/WATER/ICP 

WA 

UGL 

43.400000 

SSI  2 

METALS/WATER/ICP 

WA 

UGL 

60.000000 

SS12 

METALS/WATER/ICP 

WA 

UGL 

97.100000 

SS12 

METALS/WATER/ICP 

WA 

UGL 

59.900000 

SSI  2 

METALS/WATER/ICP 

WA 

UGL 

1 18.000000 

SSI  2 

METALS/WATER/ICP 

WA 

UGL 

125.000000 

SS12 

METALS/WATER/ICP 

WA 

UGL 

27.6OO0OC 

SS12 

METALS/WATER/ICP 

WA 

UGL 

18.000000 

SY04 

INORGANIC-METALLIC/WATER/ 

WA 

UGL 

50.000000 
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TF20 

CYANIDE/WATER/TECHNICON 

IWA  UGL 

5000000 

TF28 

TOTAL  N ITROGEN/WATER/TECH 

WA 

UGL 

64  000000 

TF29 

INORGANIC/WATER/TECHNICON 

WA 

UGL 

10  000000 

TF30 

AMMONIA/WATER/TECHNICON 

WA 

UGL 

8420000 

TF31 

NITRITE/WATER/TECH 

WA 

;  UGL 

5000000 

TF34 

CYAN  1 D  E/WATE  R/TECHNICON 

WA 

UGL 

5000000 

TT09 

ANIONS/WATE  R/IONCHROM 

WA 

UGL 

407  000000 

TT09 

ANIONS/WATER/IONCHRGM 

WA 

UGL 

278.000000 

TT09 

ANIONS/WATER/IONCHROM 

WA 

UGL 

163  000000 

TTD9 

ANIO  NS/WATER/1GNCH  ROM 

WA 

UGL 

175  000000 

TY15 

INORG  AN  IC-NONMETAL/WATER/ 

IWA 

UGL 

1 1  000000 

UFOS 

N ITR  OCELL  U  LOS  E/W  ATE  R/TECH 

WA 

UGL 

222.000000 

UG06 

ORGAN  IC/WATER/H  ALL 

WA 

UGL 

0632000 

UG06 

ORGAN  IC/WATER/HALb 

WA 

UGL 

0 100000 

UG06 

ORGAN)  C/W  ATE  R/H  A  LL 

WA 

IUGL 

0500000 

UG06 

ORGANIC/WATER/HALL 

WA 

UGL 

0.306000 

UG06 

O  R  G  A  N 1  C/WAT  E  R/H  ALL 

WA 

!  UGL 

0  831000 

UG06 

ORGANIC/WATER/HALL 

1  WA 

UGL 

0.182000 

UG06 

ORGANIC/WATER/HALL 

WA 

UGL 

1  070000 

UG06 

ORGANIC/WATER/HALL 

WA 

UGL 

0.100000 

UG06 

ORGANIC/WATE  R/H  ALL 

WA 

UGL 

0  882000 

UG06 

ORGANIC/WATER/HALL 

WA 

UGL 

0.194000 

UG06 

ORGANIC/WATER/HALL 

WA 

UGL 

0.578000 

UG06 

ORGANIC/WATER/HALL 

WA 

UGL 

0965000 

UG06 

ORGANIC/WATER/HALL 

WA 

UGL 

0  618000 

UG06 

ORGANIC/WATER/HALL 

WA 

UGL 

4.910000 

UG06 

ORGAN  ICAVATER/HALL 

WA 

UGL 

2.720000 

UG06 

ORGANIC/WATER/HALL 

WA 

UGL 

24  400000 

UG06 

ORGANIC/WATER/HALL 

WA 

UGL 

0636000 

UG06 

ORGANIC/WATER/HALL 

WA 

UGL 

0.514000 

UG06 

ORGANtC/WATER/HALL 

WA 

UGL 

0902000 

UG06 

ORGANIC/WATER/HALL 

WA 

UGL 

3710000 

UGoe 

ORGANIC/WATER/HALL 

WA 

UGL 

5460000 

UGoe 

ORGANIC/WATER/HALL 

WA 

UGL 

1  520000 

UGOG 

ORGANIC/WATER/HALL 

WA 

UGL 

0  635000 

UGoe 

ORGANIC/WATER/HALL 

WA 

UGL 

0  451000 

UG06  1  ORGANIC/WATER/HALL 

WA 

UGL 

0  252000 

UG06 

ORGANIC/WATER/HALL 

WA 

UGL 

0  376000 

UG06 

ORGAN  IC/WATER/H  ALL 

WA 

UGL 

0  250000 

UG06 

ORGANIC/WATER/HALL 

WA 

UGL 

0.085700 

UG06 

ORGANIC/WATER/HALL 

WA 

UGL 

0 315000 

UH10 

HERBICIDES/WATER/GCEC 

WA 

UGL 

0 160000 

UH10 

HEHBICIDES/WATER/GCEC 

WA 

UGL 

0.095000 

UH 10 

HERBICIDES/WATER/GCEC 

WA 

UGL 

0263000 

UH11 

NP-PEST3CIDES/WATER/GCEC 

WA 

UGL 

4030000 

UH11 

NP-PESTICIDES/WATER/GCEC 

WA 

UGL 

0384000 

UH11 

NP-PESTICIDES/WATER/GCEC 

WA 

UGL 

0373000 

UH11 

NP‘PESTICIDES/WATER/GCEC 

WA 

UGL 

0.647000 

UHH 

NP-PESTICIDES/WATER/GCEC 

WA 

UGL 

0  787000 

UH20 

PESTICIDES/WATER/GCEC 

WA 

UGL 

0  002500 

UH20 

PESTICIDES/WATER/GCEC 

WA 

UGL 

0.002500 

UH2Q 

PESTICIDES/WATER/GCEC 

WA 

UGL 

0  007400! 

UH2Q  PESTICIDES/WATER/GCEC 

WA 

UGL 

0009900 

UH20  PESTICIDES/WATER/GCEC 

WA 

UGL 

0  007700 

UH20  P  ESTICI DES/WATER/G  CEC 

WA 

UGL 

0  031200 

UH20 

PESTICIDES/WATER/GCEC 

WA 

UGL 

0003400 

UH20 

PESTICIDES/WATER/GCEC 

WA 

UGL 

0,007400 

UH20 

PESTICIDES/WATER/GCEC 

WA 

UGL 

0  017600 

UH20 

PESTICIDES/WATER/GCEC 

WA 

UGL 

0 050400 
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UH20 

PESTICIDES/WATER/GCEC 

|WA 

UGL 

0  002500 

UH20 

PESTICIDES/WATER/GCEC 

WA 

UGL 

0006300 

UH2Q 

PESTICIDES/WATER/GCEC 

WA 

UGL 

0  002500 

UH20 

PESTICIDES/WATER/GCEC 

WA 

UGL 

0  002500 

UH20 

PESTICIDES/WATER/GCEC 

!wa 

UGL 

0075000 

UH20 

PESTICIDES/WATER/GCEC 

'WA 

UGL 

0385000 

UH20 

PESTICIDES/WATER/GCEC 

WA 

UGL 

0  176000 

UH20 

PESTICIDES/WATER/GCEC 

WA 

UGL 

0.008100 

UH20 

PESTICIDES/WATER/GCEC 

1  WA  “ 

UGL 

0  003900 

UH20 

PESTICIDES/WATER/GCEC 

WA 

UGL 

0  002500 

UH20 

PESTICIDES/WATER/GCEC 

jWA 

UGL 

1.640000 

UJOS 

PHENOLS/WATER/GCFID 

WA 

UGL 

2.380000 

UJQ5 

PH  ENOLS/WATER/GCFI D 

WA 

UGL 

1.520000: 

UJOS 

PH  ENOLS/WATER/GCFI D 

WA 

UGL 

1.410000 

UJ05 

PHENOLS/WATER/GCFID 

WA 

UGL 

9.850000 

UJOS 

PHENOLS/WATER/GCFID 

WA 

UGL 

16.500000 

UJOS 

PHENOLS/WATER/GCFID 

WA 

UGL 

350.000000 

UJOS 

PHENOLS/WATER/GCFID 

WA 

UGL 

1  200000 

UJOS 

PHENOLS/WATER/GCFID 

[WA 

UGL 

11.500000 

UJ05 

PHENOLS/WATER/GCFID 

WA 

UGL 

39.800000 

UJOS 

PHENOLS/WATER/GCFID 

IWA 

UGL 

291.000000 

UJOS 

PHENOLS/WATER/GCFfD 

WA 

UGL 

1.260000 

UM21 

VOLATILES/WATER/GCMS 

WA 

UGL 

1.000000 

UM21 

VOL  ATI  LE  S/W  ATE  R/G  CM  S 

WA 

UGL 

1  000000 

UM21 

VOL  ATI  LE  $/W  ATE  R/G  CM  S 

WA 

UGL 

1,000000 

UM21 

VOLATILES/WATER/GCMS 

WA 

UGL 

1,000000 

UM21 

VOLATILES/WATER/GCMS 

WA 

UGL 

1.000000 

UM21 

VOLATILES/WATER/GCMS 

WA 

UGL 

5.000000 

UM21 

VOLATILES/WATER/GCMS 

WA 

UGL 

1.000000 

UM21 

VOLATILES/WATER/GCMS 

WA 

UGL 

1.000000 

UM21 

VOLATILES/WATER/GCMS 

WA 

UGL 

1.000000 

UM21 

VOLATILES/WATER/GCMS 

WA 

UGL 

4,800000 

UM21 

VOLATILES/WATER/GCMS 

WA 

UGL 

1.000000 

UM21 

VOLATILES/WATER/GCMS 

WA 

UGL 

3,500000 

UM21 

VOLATILES/WATER/GCMS 

WA 

UGL 

8.000000 

UM21 

VOLATI LES/W  ATE  R/G  CM  S 

WA 

UGL 

8.400000 

UM21 

VOLATILES/WATER/GCMS 

WA 

UGL 

1.000000 

UM2T 

VOLATILES/WATER/GCMS 

WA 

UGL 

12,000000 

UM21 

VOLATILES/WATER/GCMS 

WA 

UGL 

8,000000 

UM21 

VOLATILES/WATER/GCMS 

WA 

UGL 

1.000000 

UM21 

VOLATILES/WATER/GCMS 

WA 

UGL 

1000000 

UM21 

VOLATILES/WATER/GCMS 

WA 

UGL 

1.000000 

UM21 

VOLATILES/WATER/GCMS 

WA 

UGL 

9.700000 

UM21 

VOLATI  LE  S/W  ATE  R/G  CM  S 

WA 

UGL 

1.000000 

UM21 

VOLATI  LE  S/W  ATE  R/G  CMS 

WA 

UGL 

14.000000 

UM21 

VOLATILES/WATE  R/GCMS 

WA 

UGL 

1.200000 

UM21 

VOLATILES/WATER/GCMS 

WA 

UGL 

11.000000 

UM21 

VOLATILES/WATER/GCMS 

WA 

UGL 

1,000000 

UM21 

VOLATILES/WATER/GCMS 

WA 

UGL 

1.000000 

UM21 

VOLATI  LES/W ATER/GCMS 

WA 

UGL 

1.000000 

UM21 

VOLATILES/WATER/GCMS 

WA 

UGL 

2,000000 

UM21 

VOLATILES/WATER/GCMS 

WA 

UGL 

1.000000 

UM21 

VOLATILES/WATE  R/GCMS 

WA 

UGL 

1.000000 

UM21 

VOLATILES/WATER/GCMS 

WA 

UGL 

1.000000 

UM21 

VOLATILES/WATER/GCMS 

WA 

UGL 

1.000000 

UM21 

VOLATILES/WATER/GCMS 

WA 

UGL 

10000000 

UM21 

VOLATILES/WATER/GCMS 

WA 

UGL 

1.400000 

UM21 

VOLATI  LES/W  ATER/GCMS 

WA 

UGL 

1.500000 

UM21 

VOLATILES/WATER/GCMS  WA 

UGL 

1000000 
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METHOD  NO. 

METHOD  NAME 

MEDIA 

UNITS 

LIMIT 

i 

UM2t 

VOLATILES/WATER/G  CM  S 

WA 

UGl 

1  000000 

UM21 

VOLATILES/WATER/GCMS 

WA 

UGL 

2.000000 

ums 

ORGANICS/WATER/GCMS 

WA 

UGL 

5.800000 

UM25 

ORGANICS/WATER/GCMS 

WA 

UGL 

2.400000 

UM25 

ORGANICS/WATER/GCMS 

!wa 

UGL 

1.200000 

UM25 

ORGANICS/WATER/GCMS 

‘WA 

UGL 

13  000000 

UM25 

ORGANICS/WATER/GCMS 

WA 

UGL 

14000000 

UM25 

ORGANICS/WATER/GCMS 

WA 

UGL 

3400000 

UM25 

ORGANICS/WATER/GCMS 

WA 

UGL 

1  500000 

UM25 

ORGANICS/WATER/GCMS 

WA 

UGL 

1 .700000 

UM25 

ORGANICS/WATER/GCMS 

WA 

UGL 

2800000 

UM25 

ORGAN  ICS/W  ATE  Ft/GCMS 

WA 

UGL 

20  000000 

UM25 

ORGANICS/WATER/GCMS 

WA 

UGL 

3.600000 

UM25 

ORGAN  ICS/W  ATER/GCM  S 

WA 

UGL 

8  400000 

UM25 

ORGANICS/WATER/GCMS 

WA 

UGL 

4.400000 

UM25 

ORGANICS/WATER/GCMS 

WA 

UGL 

176,000000 

UM25 

ORGANICS/WATER/GCMS 

WA 

UGL 

5800000 

UM25 

ORGANICS/WATER/GCMS 

WA 

UGL 

8  800000 

UM25 

ORGANICS/WATER/GCMS 

WA 

UGL 

6  700000 

UM25 

ORGANICS/WATER/GCMS 

WA 

UGL 

2800000 

UM26 

ORGANICS/WATER/GCMS 

WA 

UGL 

47  000000 

UM25 

ORGANICS/WATER/GCMS 

WA 

UGL 

2600000 

UM25 

ORGANICS/WATER/GCMS 

WA 

UGL 

17000000 

UM25 

ORGANICS/WATER/GCMS 

WA 

UGL 

22  000000 

UM2S 

ORGANICS/WATER/GCMS 

WA 

UGL 

1  300000 

UM25 

ORGANICS/WATER/GCMS 

WA 

UGL 

3.600000 

UM25 

ORGANICS/WATER/GCMS 

WA 

UGL 

8  200000 

UM25 

ORGAN  ICS/W  ATER/GCM  S 

WA 

UGL 

5.000000 

UM2S 

ORGANICS/WATER/GCMS 

WA 

UGL 

21.000000 

UM25 

ORGAN  ICS/W  ATER/GCM  S 

WA 

UGL 

15.000000 

UM25 

ORGAN  ICS/W  ATER/GCM  S 

WA 

UGL 

2.900000 

UM25 

ORGANICSAVATER/GCMS 

WA 

UGL 

22.000000 

UM25 

ORGANICS/WATER/GCMS 

WA 

UGL 

8.5QOOOO 

UM25 

ORGANICS/WATER/GCMS 

WA 

UGL 

23.000000 

UM25 

ORGANICS/WATER/GCMS 

WA 

UGL 

2.800000 

UM25 

ORGANICSAVATER/GCMS 

WA 

UGL 

96.000000 

UM25 

ORGANICSAVATER/GCMS 

WA 

UGL 

5.300000 

UM25 

ORGANICS/WATER/GCMS 

WA 

UGL 

23.000000 

UM25 

ORGAN)  CS/WAT  E  R/GCM  S 

WA 

UGL 

13.000000 

UM25 

ORGANICSAVATER/GCMS 

WA 

UGL 

5.800000 

UM25 

ORGANICS/WATER/GCMS 

WA 

UGL 

5.100000 

UM2E 

ORGANICSAVATER/GCMS 

WA 

UGL 

5.200000 

UM25 

ORGANICS/WATER/GCMS 

WA 

UGL 

5.900000 

LJM25 

ORGANICSAVATER/GCMS 

WA 

UGL 

6.800000 

UM25 

ORGANICS/WATER/GCMS 

WA 

UGL 

5,000000 

UM25 

ORGANICS/WATER/GCMS 

WA 

UGL 

0.680000 

UM25 

ORGANICS/WATER/GCMS 

WA 

UGL 

7.700000 

UM2B 

ORGANICS/WATER/GCMS 

WA 

UGL 

9.800000 

UM25 

ORGANICS/WATER/GCMS 

WA 

UGL 

14  000000 

UM25 

ORGANICSAVATER/GCMS 

WA 

UGL 

10  000000 

UM25 

ORGANICSAVATER/GCMS 

WA 

UGL 

17  000000 

UM25 

ORGANICS/WATER/GCMS 

WA 

UGL 

28  000000 

UM25 

ORGANICSAVATER/GCMS 

WA 

UGL 

42.000000 

UM25 

ORGANICS/WATER/GCMS 

WA 

UGL 

15  000000 

UM25 

ORGANICS/WATER/GCMS 

WA 

UGL 

10000000 

UM25 

ORGANICS/WATER/GCMS 

WA 

UGL 

2900000 

UM25 

ORGANICS/WATER/GCMS 

WA 

UGL 

4000000 

UM25 

ORGAN  ICS/W  ATER/GCMS 

WA 

UGL 

7  400000 

UM2S 

ORGANICS/WATER/GCMS 

WA 

UGL 

2800000 

S^O 
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LABORATORY  ANALYTICAL  METHODS  AND  DETECTION  LIMITS 


METHOD  NO. 

1  METHOD  NAME 

MEDIA 

r  UNITS 

LIMIT 

UM25 

ORGANICS/WATER/GCMS 

:WA 

UGL 

12  000000 

UM25 

ORGANICS/WATER/GCMS 

WA 

UGL 

54  000000 

UM25 

,  ORGANICS/WATER/GCMS 

WA 

UGL 

S.300000 

UM2S 

i  ORGANICS/WATER/GCMS 

WA 

UGL 

37.000000 

UM25  Z 

ORGANICS/WATER/GCMS 

WA 

IUGL 

10.000000 

UM25 

ORGANICS/WATER/GCMS 

-WA 

UGL 

15  000000 

UM25 

ORGANICS/WATER/GCMS 

i  WA 

UGL 

5.300000 

UM25 

ORGANICS/WATER/GCMS 

WA 

UGL 

12.000000 

UM25 

ORGANICS/WATER/GCMS 

WA 

UGL 

12.000000 

UM25 

ORGANICS/WATER/GCMS 

IWA 

UGL 

5.100000 

UM25 

lORGANICS/WATE  R/GC  MS 

WA 

UGL 

5.500000 

UM25 

ORGANICS/WATER/GCMS 

WA 

UGL 

8.500000 

UM26 

ORGANICS/WATER/GCMS 

WA 

UGL 

5.900000 

UM2G 

ORGANICS/WATER/GCMS 

WA 

UGL 

8.700000 

UM25 

ORGANICS/WATER/GCMS 

WA 

UGL 

21  000000 

UM25 

ORGANICS/WATER/GCMS 

'WA 

UGL 

3.300000 

UM25 

ORGANICS/WATER/GCMS 

=  WA 

UGL 

26,000000 

UM25 

ORGANICS/WATER/GCMS 

WA 

'UGL 

130.000000 

UM25 

ORGANICS/WATER/GCMS 

WA 

UGL 

2.200000 

UM25 

ORGAN  ICS/W  ATE  R/GCMS 

WA 

UGL 

33.000000 

UM25 

ORGANICS/WATER/GCMS 

WA 

UGL 

1.500000 

UM2S 

ORGANICS/WATER/GCMS 

WA 

UGL 

13.000000 

UM25 

0  RG  AN  1 CS/W  AT  E  R/G  CM  S 

WA 

UGL 

18.000000 

UM2S 

ORGANICS/WATER/GCMS 

WA 

UGL 

5.000000 

UM25 

ORGANICS/WATER/GCMS 

WA 

UGL 

50.000000 

UM25 

ORGANICS/WATER/GCMS 

WA 

UGL 

24.000000 

UM25 

ORGANICS/WATER/GCMS 

WA 

UGL 

9.200000 

UM25 

ORGANICS/WATER/GCMS 

WA 

UGL 

8.700000 

UM25 

ORGANICS/WATER/GCMS 

WA 

UGL 

38.000000 

UM25 

ORGANICS/WATER/GCMS 

WA 

UGL 

28.000000 

UM25 

ORGANICS/WATER/GCMS 

WA 

UGL 

21.000000 

UM25 

ORGANICS/WATER/GCMS 

WA 

UGL 

7,800000 

UM2S 

ORGANICS/WATER/GCMS 

WA 

UGL 

2.400000 

UM25 

ORGANICS/WATER/GCMS 

WA 

UGL 

7.200000 

UM25 

ORGANICS/WATER/GCMS 

WA 

UGL 

11,000000 

UM25 

ORGANICS/WATER/GCMS 

WA 

UGL 

24.000000 

UM25 

ORGANICS/WATER/GCMS 

WA 

UGL 

21  000000 

UM25 

ORGANICS/WATER/GCMS 

WA 

UGL 

0.500000 

UM25 

ORGANICS/WATER/GCMS 

WA 

UGL 

3.700000! 

UM25 

ORGANICS/WATER/GCMS 

WA 

UGL 

26.000000 

UM25 

ORGANICS/WATER/GCMS 

WA 

UGL 

9  700000 

UM25 

ORGANICS/WATER/GCMS 

WA 

UGL 

6.800000 

UM25 

ORGANICS/WATER/GCMS 

WA 

UGL 

3.700000 

UM25 

ORGANICS/WATER/GCMS 

WA 

UGL 

27.000000 

UM25 

ORGANICS/WATER/GCMS 

WA 

UGL 

9.100000 

UM25 

ORGANICS/WATER/GCMS 

WA 

UGL 

9.900000 

UM2S 

ORGANICS/WATER/GCMS 

WA 

UGL 

34.000000 

UM25 

ORGANICS/WATER/GCMS 

WA 

UGL 

2.200000 

UM25 

ORGANICS/WATER/GCMS 

WA 

UGL 

18.000000 

UM25 

ORGAN  ICS/W  ATER/GCMS 

WA 

UGL 

14.000000 

UM25 

ORGANICS/WATER/GCMS 

WA 

UGL 

18.000000 

UM25 

ORGANICS/WATER/GCMS 

WA 

UGL 

37.000000 

UM25 

ORGANICS/WATER/GCMS 

WA 

UGL 

17.000000 

UM25 

ORGANICS/WATER/GCMS 

WA 

UGL 

19.000000 

UM2S 

ORGANICS/WATER/GCMS 

WA 

UGL 

35  000000 

UN01 

NITROSAMINES/WATER/GCNPD 

WA 

UGL 

0.042100 

UN01 

NITROSAMINES/WATER/GCNPD 

WA 

UGL 

0.117000 

UN10 

NITROS  AMI  N  ES/WATE  R/NPD 

WA 

UGL 

0  099000 

UN10 

NITROSAMINES/WATER/NPD 

WA 

UGL 

1.800000 
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METHOD  NO. 

METHOD  NAME 

MEDIA 

UNITS 

LIMIT 

- 

UN  10 

NITROSAMINES/WATER/NPD 

WA 

UGL 

1930000 

UW2S 

EXPLOSIVESWVATER/HPLC 

WA 

iuGL 

0.210000 

UW25 

EXPLOSIVES/WATER/HPLC 

WA 

UGL 

0  158000 

UW2S 

EXPLOSIVES/WATER/HPLC 

WA 

UGL 

0426000 

UW2S 

EXPLOSIVES/WATER/HPLC 

!  WA 

1  UGL 

0  397000 

UW25 

EXP  LOSI VESAWATER/H  PLC 

WA 

iUGL 

0600000 

UW25 

EXPLOS  IVES/WATER/HP  LG 

WA 

UGL 

0 533000 

UW25 

EXPLOSIVES/WATER/HPLC 

WA 

UGL 

0  682000 

UW25 

EXPLOSIVES/WATER/HPLC 

WA 

UGL 

0416000 

UW25 

EXPLOSIVES/WATER/H  PLC 

WA 

UGL 

0  631000 

UW27 

NG  AND  PETN  IN  WATER 

WA 

UGL 

1  490000 

UW27 

NG  AND  PETN  IN  WATER 

WA 

UGL 

2,000000 

UW29 

N ITRO  G  U  AND!  N  E/WATER/H  P  LC 

WA 

UGL 

21.100000 

UW30 

TETR  AZE  NE/WATER/H  PIC 

WA 

UGL 

7.130000 

Y9 

METALS/SOIIVCVAA 

SO 

UGG 

0.050000 

7ZSA 

HYDRAZINES/WATER/GCNP 

WA 

UGL 

30.600000 

ZZBA 

HYDRAZINES/WATER/GCNP 

WA 

UGL 

2970.000000 

228 A 

HYDRAZ1NESAVATER/GCNP 

WA 

UGL 

23.000000 

NA 

GROSS  ALPHA 

WA 

pCi/L 

3  000000 

NA 

GROSS  ALPHA 

WA 

pCi/L 

4,000000 

NA 

ISOTOPIC  URANIUM 

WA 

pCi/L 

0 100000 

NA 

CESIUM- 137 

WA 

pCi/L 

1  OGOQOO 

NA 

ISOTOPIC  THORIUM 

WA 

pCi/L 

0  100000 

NA 

RADIUM- 226 

WA 

pCi/L 

0.200000 

NA 

RADIUM- 228 

WA 

pCi/L 

1  000000 

NA 

GAMMA  SPEC 

WA 

pCi/L 

* 

NA 

GROSS  ALPHA 

so 

pCi/q 

4  000000 

NA 

GROSS  BETA 

SO 

pCi/g 

10.000000 

NA 

ISOTOPIC  URANIUM 

SO 

pCi/q 

0.100000 

NA 

THROIUM-230 

SO 

pGi/g 

0,100000 

NA 

CESIUM-137 

SO 

pCi/g 

1  oooooo 

NA 

GAMMA  SPEC 

SO 

pCi/g 

* 

NA 

ISOTOPIC  URANIUM 

FILTERS 

pCi/FILTER 

0  *00000 

NA 

PLUTONIUM-239  4-240 

FILTERS 

pCi/RLTER 

0.010000 

NA 

AMERICIUM-241 

FILTERS 

pCi/FILTER 

0.010000 

NA 

CESIUM-137 

FILTERS 

pCi/FILTER 

3.000000 

NA 

TRITIUM 

FILTERS 

pCi/FI  LTER 

3000000 

NA 

RADIUM-226 

FILTERS 

pCi/FILTER 

0  300000 

NA 

CALIFORNIUM-252 

FILTERS 

pCi/FILTER 

0.010000 

NA 

CARBON- 14 

FILTERS 

pCi/FILTER 

3000000 

NA 

URANIUM 

URINE 

mg/L 

0  000100 

NA 

TRITIUM 

URINE 

pCi/L 

300.000000 

S-42 


1 0/23/92 


METHODS.XLS 


APPENDIX  S.6 

INSTRUMENT  CALIBRATION  DATES 


MK01\RPT:0228 10 11 .001\pha««2rij»pp 


10/2G/92 


3tsfc^*5,e>ciJi-Jwrs 


Instrument  Calibration  Dates 


Type 

Date 

Pancake  G-M 

Ludlum  Model  12 

10-8-91 

Ludlum  44-9  Probe 

10-8-91 

Ludlum  Model  12 

4-8-91 

Ludlum  44-9  Probe 

7-11-91 

Ludlum  Model  12 

6-25-91 

Ludlum  44-9  Probe 

6-28-91 

Ludlum  Model  3 

6-25-91 

Ludlum  44-9  Probe 

6-28-91 

Beta  Scintillator 

Ludlum  2200 

10-10-91 

Ludlum  44-1  Probe 

10-11-91 

Alpha  Scintillator 

Ludlum  2000 

8-23-91 

Ludlum  43-10  Probe 

8-23-91 

Ludlum  2220 

10-10-91 

Ludlum  43-1  Probe 

10-10-91 

Ludlum  Model  3 

7-10-91 

Ludlum  43-S  Probe 

7-10-91 

Ludlum  Model  3 

6-20-91 

Ludlum  43-S  Probe 

6-21-91 

Ludlum  2200 

7-11-91 

Ludlum  43-1  Probe 

10-10-91 

Ludlum  2300 

10-10-91 

Ludlum  44-10  Probe 

10-11-91 

Gamma  Nal 

Ludlum  Model  19 

7-23-91 

Ludlum  Model  19 

8-15-91 

FIDLER 

BICRON  Analyst 

7-14-91 
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RATIONALES  FOR  ELIMINATION  OF  CERTAIN  EXPOSURES 
FROM  QUANTIFICATION 

1.0  EXPOSURE  TO  CONTAINERS  . T-2 

2.0  DERMAL  EXPOSURES  TO  GROUNDWATER  .  T-3 

3.0  MIGRATION  OF  VOLATILE  ORGANIC  COMPOUNDS  TO 

BUILDINGS . T-4 

4.0  EXPOSURES  TO  INDOOR  SURFACES .  T-4 
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T,  Pathway  Eliminations 
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This  appendix  provides  documentation  for  not  including  certain  exposure  pathways  in  the  risk 
assessment  for  the  MTL.  There  are  four  exposure  pathways  which  were  not  included  in  risk 
characterization  because  they  were  thought  to  present  trivial  risks  when  compared  with  other 
exposure  pathways.  These  are:  exposure  to  containers,  dermal  exposures  to  groundwater,  and 
inhalation  of  chemicals  volatilizing  from  the  groundwater  and  migrating  to  indoor  air,  and 
exposures  to  interior  building  surfaces. 


1.0  EXPOSURE  TO  CONTAINERS 

The  information  below  demonstrates  the  insignificance  of  chemical  exposures  to  the  various 
sumps,  drains,  cisterns,  etc.  at  the  MTL.  While  there  may  be  a  concern  for  a  physical  hazard 
(i.e.,  falling  into  a  cistern  or  a  dry  well),  there  are  several  reasons  for  not  considering  chemical 
exposures  of  this  kind: 

1 .  The  container  is  inaccessible  to  likely  receptors  in  the  course  of  average  human 
activity  patterns. 

2.  If  there  is  some  accessibility,  exposure  would  be  very  intermittent  and  as  such 
would  contribute  little  to  overall  site  risks. 

3.  The  container  does  not  appear  to  be  contaminated. 

The  following  presents  the  rationale  for  each  location. 

Location  Rationale 


Building  36  Dry  Well 


Building  37  Catch  Basin 


Building  39  Sump 


Building  43  Dry  Well 


Well  is  10  ft  deep,  covered.  Not  likely  to  be  visited  on  a  regular 
basis. 

Part  of  storm  sewer  system  beneath  parking  lot.  Not  likely  to  be 
visited  on  a  regular  basis.  Contents  indicative  of  storm  water 
runoff. 

In  tunnel  beneath  building,  not  accessible.  Not  contaminated.  No 
chemical  contamination  is  anticipated  because  the  container  has 
been  decontaminated  during  the  radiological  decommissioning. 

Not  accessible,  not  contaminated.  No  chemical  contamination  is 
anticipated  because  the  container  has  been  decontaminated  during 
the  radiological  decommissioning. 
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Location 


Building  43  Sump 


Building  43  Tank 


Building  43  Sump 


Building  97  Sump 


Building  100  Sumps 


Building  242  Cistern 


Building  242  Manhole 


Building  243  Cistern 


Building  311  Sump 
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Rationale 


Exposure  not  likely.  No  chemical  contamination  is  anticipated 
because  the  container  has  been  decontaminated  during  the 
radiological  decommissioning. 

Not  accessible.  No  chemical  contamination  is  anticipated  because 
the  container  has  been  decontaminated  during  the  radiological 
decommissioning. 

Beneath  a  1,000-ton  press,  not  accessible.  Contents  appear  to  be 
oil.  No  chemical  contamination  is  anticipated  because  the 
container  has  been  decontaminated  during  the  radiological 
decommissioning . 

Not  likely  to  be  contacted  on  a  regular  basis.  Not  contaminated. 
No  chemical  contamination  is  anticipated  because  the  container  has 
been  decontaminated  during  the  radiological  decommissioning. 

Not  accessible.  May  no  longer  be  present  due  to  on-going 
remediation  activities  involving  the  reactor.  No  chemical 
contamination  is  anticipated  because  the  container  has  been 
decontaminated  during  the  radiological  decommissioning. 

Has  been  removed  since  sampling.  No  chemical  contamination  is 
anticipated  because  the  container  has  been  decontaminated  during 
the  radiological  decommissioning. 

Not  contaminated  except  for  some  metals.  May  have  been 
removed.  No  chemical  contamination  is  anticipated  because  the 
container  has  been  decontaminated  during  the  radiological 
decommissioning. 

10  ft  deep  hole  not  likely  to  be  accessible  with  any  regularity.  No 
chemical  contamination  is  anticipated  because  the  container  has 
been  decontaminated  during  the  radiological  decommissioning. 

25  ft  deep  below  building  surface.  Not  accessible.  Levels  of 
contamination  not  high.  No  chemical  contamination  is  anticipated 
because  the  container  has  been  decontaminated  during  the 
radiological  decommissioning. 
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Location 


Rationale 


Building  311  Tank 
Building  3 1 1  Basins 


Building  31 1  Sump 
Building  3 1 1  Tanks 
Building  313  Cistern 


Building  313  Basin 


Bunkers,  Dry  Well 


5  ft  deep  hole,  little  detectable  contamination. 

Deep  dry  wells  outside  the  building,  little  detectable 
contamination.  No  chemical  contamination  is  anticipated  because 
the  container  has  been  decontaminated  during  the  radiological 
decommissioning. 

10  ft  deep  hole  outside,  little  detectable  contamination. 

4  ft  deep,  not  accessible,  no  remaining  sediment. 

Accessible  only  through  an  office.  Scheduled  for  removal.  No 
chemical  contamination  is  anticipated  because  the  container  has 
been  decontaminated  during  the  radiological  decommissioning. 

30  ft  brick  lined  hole  in  basement.  Not  easily  accessible.  No 
chemical  contamination  is  anticipated  because  the  container  has 
been  decontaminated  during  the  radiological  decommissioning. 

8  ft  deep,  not  accessible,  not  contaminated. 


2.0  DERMAL  EXPOSURES  TO  GROUNDWATER 


At  the  MTL,  groundwater  is  not  used  for  any  purpose  at  this  time.  However,  there  is  a 
possibility  that  future  activities  related  to  reuse  could  result  in  excavation  of  soils  to  the 
groundwater  table.  Construction  workers  in  the  area  might  then  be  exposed  dermally  to 
groundwater.  This  pathway  is  thought  to  be  trivial  and  the  following  calculations  were 
performed  to  support  that  assumption. 

1-  Exposure  point  concentration  calculation:  the  highest  value  of  any  chemical 
detected  in  any  groundwater  sample  was  considered  as  the  exposure  point 
concentration. 

2.  Human  Intake  Factor:  A  70- kg  construction  worker  was  assumed  to  come  in 
contact  with  groundwater  six  days,  8  hours  per  day,  during  a  one-year 
construction  period  at  the  site.  It  was  assumed  that  25%  of  the  worker’s  skin 
area  was  exposed  during  the  exposure  event. 

3.  Utilizing  the  above  inputs,  carcinogenic  risks  were  calculated  using  the  toxicity 
values  and  equations  developed  in  the  MTL  risk  assessment.  The  estimated 
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carcinogenic  risk  was  5E-07;  the  estimated  subchronic  HI  was  4E-01 .  Since  these 
are  well  below  the  action  levels,  this  pathway  was  not  further  characterized. 

3.0  MIGRATION  OF  VOLATILE  ORGANIC  COMPOUNDS  INTO  BUILDINGS 

Receptors  living  or  working  near  contaminated  groundwater  can  be  exposed  by  subsurface 
transport  of  volatile  contaminants  into  buildings.  This  flow  of  soil  gas  is  driven  by  pressure 
gradients  that  can  exist  for  a  variety  of  reasons,  or  by  diffusion  through  cracks  or  openings  in 
a  building’s  structure. 

Complex  models  can  estimate  the  volatilization  from  a  groundwater  source,  the  contaminant 
migration  rate  through  the  soil,  infiltration  into  the  substructure  and  the  resulting  concentration 
within  the  home.  These  calculations  are  useful  only  when  site  specific  values  are  available  for 
the  model  inputs.  As  a  screening  tool,  estimating  indoor  air  exposures  from  measured  soil  gas 
is  assumed  to  give  usable  estimates  of  indoor  air  exposures.  At  the  MTL,  however,  there  were 
no  measures  of  soil  gas  since  there  was  no  indication  of  any  significant  source  of  volatiles  in  the 
soils. 

It  is  therefore  concluded  that  this  pathway  cannot  be  quantified  with  the  available  information. 
The  groundwater  sampling  indicated  the  presence  of  several  volatile  organic  compounds 
indicative  of  gasoline.  They  were  present  at  low  levels,  generally  less  than  a  part  per  billion. 
The  absence  of  any  significant  source  of  volatile  chemicals  in  the  groundwater  would  likely 
result  in  little  risk  to  persons  living  and  working  in  nearby  buildings  from  these  chemicals  in 
indoor  air. 

4.0  EXPOSURES  TO  INTERIOR  BUILDING  SURFACES 

In  an  attempt  to  develop  an  approach  for  evaluating  human  health  risks  from  exposure  to 
chemicals  deposited  on  and  resuspended  from  the  interior  walls  of  buildings  for  the  Watertown 
MTL  site,  the  following  were  reviewed: 

DOE.  1992.  Baseline  assessment  for  the  chemical  plant  area  of  the  Weldon  Spring  site.  Oak 
Ridge,  TN:  Oak  Ridge  Field  Office,  U.S.  Department  of  Energy. 

Fingleton  DJ,  MacDoneli  MM,  Haroun  LA,  Ozkaynak  H,  Butler  DA,  Xue  J.  19--.  Assessing 
exposures  and  risks  in  heterogeneously  contaminated  areas:  a  simulation  approach. 

Gibson  JAB,  Wrixon  AD.  1979.  Methods  for  the  calculation  of  derived  working  limits  for 
surface  contamination  by  low-toxicity  radionuclides.  Health  Phys.  36:311-321. 

Hawley  J.  1985.  Assessment  of  health  risk  from  exposure  to  contaminated  soil.  Risk  Analysis 
5(4):289-302. 
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Healy  JW.  1971.  Surface  contamination:  decision  levels.  Los  Alamos,  NM:  Los  Alamos 
Scientific  Laboratory.  LA-4558-MS, 

Kim  NK,  Hawley  J.  1985.  Re-entry  guidelines  Binghamton  office  building.  Albany,  NY: 
Bureau  of  Toxic  Substance  Assessment,  Division  of  Environmental  Health  Assessment,  New 
York  State  Department  of  Health. 

PNL.  1982.  Accident  generated  particulate  materials  and  their  characteristics  -  a  review  of 
background  information.  Richland,  WA:  Prepared  by  Pacific  Northwest  Laboratory  for  the 
U.S.  Nuclear  Regulatory  Commission.  NUREG  CR-2651. 

Sansone  EB.  1987.  Redispersion  of  indoor  surface  contamination  and  its  implications.  In: 
Mittal  KL,  ed.  Treatise  on  clear  surface  technology.  Vol.  I.  Plenum  Publishing  Corporation, 
pp.  261-290. 

USEPA.  1985.  Exposure  assessment  for  polychlorinated  biphenyls  (PCBs),  polychlorinated 
dibenzofurans  (PCDFs),  and  polychlorinated  dibenzodioxins  (PCDDs)  released  during 
transformer  fires.  Washington,  DC:  U.S.  Environmental  Protection  Agency,  Environmental 
Exposure  Division. 

Surface  contamination  may  become  airborne  and  inhaled  and  may  be  transferred  to  hands  and 
then  be  ingested.  Based  on  our  review  of  these  references,  it  was  concluded  that  it  is 
inappropriate  to  attempt  to  quantify  risk  from  exposure  to  chemical  residues  on  interior  building 
surfaces,  with  the  information  currently  available. 

Redispersion  of  indoor  surface  contamination  in  air  is  dependent  on  many  factors  such  that 
quantification  of  risk  from  this  source  would  detract  from  the  validity  of  the  risk  assessment. 
Reported  data  for  resuspension  factors  range  over  several  orders  of  magnitude,  even  in  an 
experiment  with  relatively  constant  and  reproducible  conditions  (Sansone  1987).  Sansone  (1987) 
identified  numerous  factors  influencing  the  substantia]  variability  of  resuspension  factors.  These 
include: 


The  vigor  and  frequency  of  human  activity 

The  fraction  of  transferable  versus  total  surface  contamination 

The  nature  of  the  contaminant  —  particle  size,  density,  other 
physical  characteristics  and  whether  it  was  applied  as  a  solid, 
suspension  or  solution 

The  characteristics  of  the  surface  material  —  porous  or  impervious 
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•  Ventilation  rate 

•  The  size  of  the  contaminated  surface  area  in  relation  to  the  total 

volume  of  the  area 

Based  on  all  these  factors,  many  of  which  are  unknown  at  the  MTL,  the  .  .ability  to  accurately 
predict  airborne  concentrations  from  either  mechanically  or  wind-caused  resuspension  stresses 
is  extremely  poor..."  (Sansone  1987). 

In  addition,  not  all  the  resuspended  material  is  respirable;  the  respirable  fraction  of  the 
resuspended  material  has  been  estimated  at  6  to  20%  (Sansone  1987).  Sansone  (1987)  concluded 
that  "...resuspension  of  surface  contamination  in  a  health  context  is  usually  of  minor,  if  not 
negligible,  importance." 

Exposure  to  residual  chemical  contamination  on  interior  walls  by  direct  contact  with  bare  skin 
is  expected  to  be  limited  mainly  to  hand  contact  with  the  walls.  Exposure  by  this  pathway  is 
likely  to  be  minimal  and  quantification  would  be  highly  uncertain  (estimates  of  ingestion  rates 
from  the  above  studies  differ  by  more  than  an  order  of  magnitude). 

In  summary,  considering  the  high  uncertainty  associated  with  attempting  to  quantify  risk  from 
exposure  by  these  pathways,  it  would  be  more  appropriate  to  discuss  the  potential  risk  from 
inhalation  or  ingestion  of  residual  indoor  surface  contamination  qualitatively  and  point  out  the 
uncertainty  resulting  from  not  quantifying  risk  from  these  pathways. 
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Quality  Control  Plan 


K5G«!Ka&jLriiT!i. 


SECTION  U1 
INTRODUCTION 


This  Quality  Assurance/Quality  Control  Plan  (QA/QC)  has  been  prepared  in  accordance 
with  the  THAMA  January  1990  Quality  Assurance  Program.  The  intent  of  the 
program  is  to  ensure  that  reliable  data  are  generated  in  support  of  the  Army  Materials 
Technology  Laboratory  (MTL)  Remedial  Investigation  (RI)  project. 

This  document  describes  in  detail  the  organization,  policies,  and  procedures  that  will 
be  implemented  as  part  of  the  QA/QC  program.  The  contractor’s  laboratories  will 
implement  this  plan  to  establish,  maintain,  and  verify  the  level  of  quality  required  for 
this  project. 

Due  to  the  nature  of  analytical  quality  control,  changes  to  procedures  outlined  in  this 
document  can  be  anticipated,  However,  any  changes  to  the  plan  must  be  approved  by 
THAMA  prior  to  implementation. 
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SECTION  U2 

PROJECT  QA/QC  ORGANIZATION  AND  RESPONSIBILITY 


U2.1  PROJECT  ORGANIZATION 

The  project  organization  and  responsibilities  of  principal  personnel  are  described  in 
detail  in  the  Data  Management  Plan  included  as  Appendix  V.  Consequently,  a  detailed 
outline  for  the  overall  project  will  not  be  presented  in  this  section. 

U2.2  QA/QC  ORGANIZATION 

Specific  responsibilities  of  personal  involved  with  the  analytical  and  field  QA/QC  are 
described  below.  Data  management  is  discussed  in  Appendix  V. 

U2.2.1  PROGRAM  MANAGER 

The  Program  Manager  is  ultimately  responsible  for  ensuring  the  quality  of  all  aspects 
of  the  project.  The  Program  Manager  has  the  authority  to  cease  any  of  the  activities 
in  the  program  when  they  jeopardize  the  quality  of  the  effort.  He/she  also  has  the 
authority  to  commit  the  necessary  resources  to  the  program  to  ensure  that  all  results 
meet  the  requirements  of  the  program. 

U2.2.2  TASK  MANAGER 

The  Task  Manager  is  responsible  for  ensuring  that  the  policies  and  procedures  outlined 
in  the  various  plans  associated  with  this  project  are  diligently  implemented  on  a 
day-to-day  basis.  The  Task  Manager  has  the  authority  to  cease  operations;  to  reject 
policies,  procedures,  recommendations,  data,  and  conclusions  when  the  quality  of  the 
results  are  questionable;  and  to  assign  the  necessary  time,  materials,  and  resources  to 
perform  the  tasks  to  ensure  the  timely  delivery  of  quality  results. 

U2.2.3  CORPORATE  QUALITY  ASSURANCE  OFFICER 

The  Corporate  Quality  Assurance  Officer  has  developed  most  of  the  corporate  policies 
dealing  with  QA,  initiates  QA  audits  of  active  projects,  and  directs  corrective  actions 
when  QA  discrepancies  are  found. 

U2.2.4  ANALYTICAL  QUALITY  ASSURANCE  COORDINATOR  (AQAC) 

The  Program-based  AQAC,  through  the  individual  laboratory  QC  coordinators  (LQAC), 
will  oversee  QA  activities  of  the  specific  analytical  laboratories.  Responsibilities  at  the 
laboratories  include  maintenance  of  the  reference  material  repository  (to  include 
requests  for  reference  materials  from  THAMA),  overseeing  general  laboratory 
operations,  introduction  of  QA  samples  into  the  sample  stream,  collection  and  analysis 
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of  quality  control  results,  identification  of  out-of-control  systems,  recommendations  for 
remedial  actions,  publication  of  QC  reports,  review  of  analytical  data,  publication  of 
QA/QC  operating  procedures,  execution  of  QA  audits,  and  monitoring  and  reviewing 
certification  activities.  The  LQAC  will  maintain  a  notebook  to  correlate  field 
identification  numbers,  internal  laboratory  identification  numbers,  and  THAMA 
analytical  lot  numbers  for  each  sample  and  parameter.  For  each  analytical  system  used 
in  support  of  THAMA  programs,  the  AQAC  will  maintain  copies  of  all  certification 
records  and  continuous  quality  control  charts  for  precision  and  accuracy.  The  AQAC 
and  LQAC  have  the  authority  to  stop  the  collection  or  reporting  of  data  when  systems 
are  deemed  out-of-control. 

U2.2.5  LABORATORY  QUALITY  ASSURANCE  COORDINATOR 

The  Analytical  Laboratory  Quality  Assurance  Coordinator  (LQAC)  is  responsible  for 
maintenance  of  the  reference  material  repository  (including  requests  for  reference 
materials  from  THAMA),  oversight  of  the  general  laboratory  operations,  introduction 
of  QC  samples  into  the  sample  stream,  collection  and  analysis  of  quality  control  results, 
identification  of  out-of-control  systems,  recommendations  for  remedial  actions, 
publication  of  QC  reports,  review  of  analytical  data,  publication  of  QA/QC  operating 
procedures,  execution  of  QA  audits,  and  a  check  and  review  of  certification  activities. 
The  LQAC  will  review  chain-of-custody  documentation  to  ensure  that  field  samples  are 
properly  accounted  for.  The  LQAC  will  also  maintain  a  notebook  to  correlate  field 
identification  numbers,  internal  laboratory  identification  numbers,  and  THAMA 
analytical  lot  numbers  for  each  sample  and  parameter.  For  each  analytical  system  used 
in  support  of  THAMA  programs,  the  Laboratory  QA  Coordinator  will  maintain 
certification  records  and  continuous  quality  control  charts  for  precision  and  accuracy. 
The  LQAC  has  the  authority  to  stop  the  reporting  of  data  when  systems  are  deemed 
to  be  out  of  control.  The  LQAC  is  not  subordinate  to  anyone  with  direct  responsibility 
for  the  conduct  of  analyses. 

U2.2.6  FIELD  QUALITY  ASSURANCE  COORDINATOR  (FQAC) 

The  Field  Quality  Assurance  Coordinator  (FQAC)  will  provide  the  necessary  quality 
control  over  field  operations  involving  sampling,  drilling,  and  installing  the  wells  at  the 
MTL.  The  FQAC  will  report  directly  to  the  Laboratory  Quality  Assurance  Coordinator 
on  matters  related  to  the  field  operations.  He/she  has  the  authority  to  cease  field 
operations  or  procedures  when  the  quality  of  subsequent  results  may  be  jeopardized. 

U2.2.7  ANALYTICAL  PROJECT  MANAGER 

The  Analytical  Project  Manager  will  be  responsible  for  implementing  the  THAMA  QA 
program.  This  requires  submitting  a  detailed  project  QC  plan,  submitting  the  required 
documented  methods  and  laboratory  certification  data,  and  ensuring  implementation 
of  corrective  actions  for  any  QA/QC  deficiencies.  The  Analytical  Project  Manager  is 
also  responsible  for  coordinating  with  all  subcontractor  laboratories,  maintaining  the 
laboratory  schedules,  ensuring  that  technical  requirements  are  understood  by  the 
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laboratory,  and  ensuring  that  project  deliverables  are  submitted  on  time  and  in  the 
required  format  (this  includes  ensuring  that  all  requested  analyses  are  reported), 

U2.2.8  ANALYTICAL  LABORATORY  MANAGER 

The  Analytical  Laboratory  Manager  has  the  responsibility  to  see  that  all  tasks 
performed  in  the  laboratory  are  conducted  according  to  the  requirements  of  this  QA/QC 
plan, 

U2.2.9  SECTION  MANAGERS 

The  section  managers  report  directly  to  the  Analytical  Laboratory  Manager  and  will  be 
responsible  for  the  quality  of  data  generated  in  the  analysis  sections.  They  have  the 
authority  to  reject  data  and  require  reanalyses  when  analytical  systems  are 
questionable  or  out  of  control. 

U2.2.10  DATA  COORDINATOR 

The  Data  Coordinator  is  responsible  for  ensuring  that  the  sampling,  geotechnical,  and 
analytical  data  collected  from  the  various  technical  areas  employed  on  the  project  are 
properly  coded  and  entered  into  the  data  management  network. 

The  DC  has  the  authority  to  define  and  implement  the  proper  procedures  as  well  as  to 
impose  corrective  actions  to  ensure  the  accuracy  and  timely  transfer  of  data  from  the 
point  of  generation  to  the  THAMA  Installation  Restoration  Data  Management 
Information  System  (IRDMIS). 

U2.2.11  INDIVIDUAL  DATA  GENERATORS 

The  individual  data  generators  (geologist,  chemists,  technicians,  data  technicians)  are 
the  first  line  of  quality  control.  Their  personal  observations  are  paramount  in  early 
identification  of  potential  perturbations  of  data.  They  are  responsible  for  generating 
the  most  reliable  data  possible.  They  have  the  authority  to  repeat  analyses  when 
previous  results  are  considered  questionable. 

U2.2.12  ANALYTICAL  LABORATORIES 

Several  laboratories  will  be  utilized  to  analyze  the  various  samples  collected  during 
Phase  2.  This  is  to  assure  THAMA  certification  for  each  analyte  (where  certification  is 
needed)  and  to  reduce  the  chance  of  laboratory  overload  due  to  the  large  number  of 
samples  to  be  collected. 

WESTON,  which,  as  the  prime  contractor,  has  overall  responsibility  for  data  quality, 
will  assure  this  quality  as  outlined  below; 

•  Implement  quality  assurance  checks  of  subcontractor  laboratories. 
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•  Conduct  audits  of  subcontractor  laboratories. 

•  Review  the  analytical  and  QA  methods  of  subcontractor  laboratories. 

•  Review  all  data  prior  to  submission  to  THAMA. 

•  Maintain  overall  project  data  tracking  log  to  assure  that  the  contractor  is 
always  aware  of  the  status  of  the  data. 
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SECTION  U3 


SAMPLING  PROTOCOL 


U3.1  SAMPLE  CONTAINERS 

Sample  containers  will  be  cleaned  in  accordance  with  the  procedures  outlined  in 
Appendix  CA  prior  to  their  shipment  to  field  personnel  or  sample  containers  will  be 
provided  by  commercial  vendors  which  clean  containers  according  to  EPA  protocols. 

All  containers  provided  by  WESTON  will  be  obtained  from  I-Chem,  Hayward, 
California,  or  be  of  equivalent  quality.  I-Chem  is  the  bottle  contractor  to  the  U.S.  EPA- 
Contract  Laboratory  Program.  These  containers  are  cleaned  by  I-Chem  in  accordance 
with  U.S,  EPA  protocols.  The  containers  purchased  from  I-Chem  are  I-Chem  Series 
200  containers.  Each  lot  of  these  containers  is  analyzed  in  accordance  with  I-Chem 
quality  control  requirements  and  is  not  shipped  by  I-Chem  unless  the  QC  requirements 
are  met. 

All  sample  containers  will  be  sent  to  field  personnel  without  preservatives.  The 
preservatives  will  be  sent  in  a  separate  container  to  allow  for  the  rinsing  of  the 
container  with  aliquots  of  sample. 

U3.2  SAMPLE  COLLECTION 

All  samples  will  be  collected  in  accordance  with  the  THAMA  QA  Plan,  1990. 

Field  quality  assurance  samples  will  be  collected  and  analyzed  as  follows: 

•  One  duplicate  sample  will  be  collected  for  every  20  media  specific  (air, 
water,  soil  and  wipe)  samples  collected.  Overall  handling  procedures  are 
identical  for  both  the  duplicate  and  the  corresponding  sample.  The 
duplicate  will  be  labeled  as  such,  with  an  indication  of  its  associated 
sampling  location. 

•  One  field  blank  will  be  collected  for  each  media  type  sampled  by  passing 
THAMA-approved  water  over  decontaminated  field  equipment.  Handling 
and  analytical  procedures  are  the  same  as  for  samples  and  duplicates. 
Field  blanks  will  be  submitted  for  each  analyte  type  sampled  per  day. 

•  Trip  blanks  will  be  prepared  by  the  laboratory  performing  VOC  analyses, 
and  will  be  supplied  with  each  cooler  of  bottles  shipped.  Trip  blanks  will 
remain  with  the  cooler  until  it  is  received  back  at  the  analytical 
laboratory. 
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All  instruments,  including  pH  and  conductivity  meters  and  submersible  pumps,  will  be 
calibrated  prior  to  and  following  sample  analysis.  The  calibration  data  will  be 
tabulated,  plotted,  and  subjected  to  statistical  evaluation.  Daily  calibration  will  be 
performed  if  no  samples  are  analyzed  during  an  interim  period.  Calibration  procedures 
are  detailed  in  the  THAMA  January  1990  Quality  Assurance  Program. 

U3.3  PRESERVATIVE 

To  prevent/retard  the  degradation  of  analytes  in  samples  during  transportation  and 
storage,  the  samples  will  be  preserved  and  stored  as  outlined  in  the  THAMA  January 
1990  Quality  Assurance  Program  for  the  compounds  of  interest.  Efforts  to  preserve  the 
integrity  of  the  samples  must  be  initiated  at  the  time  of  sampling  and  will  continue 
until  analyses  have  been  completed. 

U3.4  SAMPLE  SHIPMENT 

After  collection,  samples  will  be  immediately  transported  from  the  site  to  the 
appropriate  laboratory  for  the  analytic  to  be  reported,  and  to  meet  the  specified  holding 
times.  Samples  requiring  shipment  by  common  carrier  will  be  labelled  and  placed  in 
accordance  with  applicable  LATA  regulations. 

U3.5  CUSTODY 

When  samples  are  collected,  they  will  be  considered  to  be  in  the  custody  and,  therefore, 
control  of  the  sampler.  As  samples  are  collected  in  the  field,  each  sample  will  be 
entered  on  a  chain-of-custody  sheet. 

U3.6  DOCUMENTATION 

Bound  notebooks  will  be  used  to  record  any  measurements  and/or  observations  made 
in  the  field  and  to  record  the  sample  time  and  location.  Entries  will  be  made  in 
waterproof  ink  as  the  samples  are  acquired.  Typical  information  that  will  be  recorded 
is  discussed  in  Subsection  U7.2.2. 

In  addition  to  the  notebook  entries,  each  sample  container  will  be  marked  with: 

•  Name  of  facility. 

•  Unique  sequential  field  identification  number  for  each  sample. 

•  Date  of  sampling. 

•  Preservative/filtration  utilized, 

•  Analytes  of  interest. 


MKO  1\RPT  :02281011.00 l\phase2ri  .app 


U3-2 


12/14/93 


SECTION  TJ4 

LABORATORY  ANALYSIS  OF  SAMPLES 


U4.1  SAMPLE  MANAGEMENT 

When  samples  arrive  at  the  laboratory,  the  chain-of-custody  sheets  or  equivalent 
accompanying  the  samples  will  be  signed  by  the  sample  custodian  to  formally 
acknowledge  receipt  of  the  samples.  At  the  time  of  log-in,  internal  laboratory 
identification  numbers  will  be  assigned  by  the  computerized  laboratory  tracking  system. 
The  computerized  system  assigns  sequential  log-in  lot  numbers  to  each  batch  of  samples 
as  well  as  each  individual  sample.  The  following  information  will  be  entered  into  the 
laboratory  tracking  system: 

•  Client  name. 

•  Date  of  collection. 

•  Date  of  receipt. 

•  Administrative  information  such  as  work  order  numbers. 

•  Client  references  (sample  identifications). 

•  Analytes. 

•  Matrix. 

•  Client-specified  due  date,  if  applicable. 

The  sample  custodian  will  add  a  due  date  based  on  the  earliest  of: 

•  Three  weeks  from  date  of  receipt. 

•  Client-specified  due  date. 

•  Analyte  holding  time. 

Receipt  of  samples  will  also  be  noted  in  a  notebook  as  stated  in  Subsection  U7.2.3. 
THAMA  sample  identification  numbers  also  will  be  assigned  to  the  QC  samples  to 
ensure  inclusion  of  the  correct  number  of  QC  samples  in  each  lot  for  each  analytical 
method. 

Samples  will  be  held  in  locked  refrigerators  until  they  are  relinquished  by  the  sample 
custodian  to  the  analysts.  Chain-of-custody  forms  will  be  signed  to  indicate  the  transfer 
of  custody.  On  completion  of  analysis  or  when  analysts  have  removed  the  aliquots  for 
analysis,  sample  containers  will  be  returned  to  the  sample  custodian. 

Once  samples  are  logged  into  the  computerized  internal  tracking  system,  managers  and 
analysts  can  access  the  data.  The  samples  being  held  for  a  parameter  or  group  of 
parameters  will  be  tracked  to  allow  for  scheduling  of  analyses  based  on  holding  times, 
required  turnaround  times,  and  the  laboratory  backlog. 
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For  THAMA  programs,  samples  will  be  analyzed  as  efficiently  as  possible 
commensurate  with  holding  times  and  due  dates.  When  sufficient  samples  are  in-house, 
an  analytical  lot  will  be  established  with  the  THAMA  lot  coding  system  consistent  with 
the  THAMA  Installation  Restoration  Data  Management  Information  System.  A  lot  is 
the  maximum  number  of  samples,  including  QC  samples,  that  can  be  manually 
processed  through  the  limiting  step  of  the  method  during  a  single  time  period.  The 
LQAC  will  maintain  the  notebook  to  correlate  internal  laboratory  identification 
numbers,  field  identification  numbers,  and  THAMA  analytical  lot  numbers. 

Under  the  THAMA  system,  field  samples  and  quality  control  samples  within  an 
analytical  lot  are  assigned  a  six-character  identification  number.  A  different  lot 
designation  will  be  used  for  each  analytical  method.  The  first  three  characters  (letters) 
represent  the  analytical  lot;  the  last  three  characters  (numbers)  represent  the  specific 
sample  and  the  order  in  which  the  sample  was  analyzed  within  the  lot. 

U4.2  SAMPLE  HOLDING 

Samples  must  be  extracted  and/or  analyzed  within  the  required  holding  time.  Samples 
are  normally  held  for  60  days  after  data  have  been  reported.  For  THAMA  programs, 
samples  will  be  stored  until  after  data  are  in  Level  2  of  the  THAMA  Installation 
Restoration  Data  Management  Information  System  and  THAMA’s  approval  has  been 
obtained  to  dispose  of  the  samples. 

U4.3  CALIBRATION 

Calibration  procedures  and  frequency  of  calibration  will  be  followed  according  to 
THAMA  January  1990  Quality  Assurance  Program.  On  the  first  day  of  analysis,  using 
a  zero-intercept  linear  method,  the  instrument  will  be  initially  calibrated  with  standards 
set  at  0,  0.5,  1,  2,  5,  and  10  times  the  concentration  in  the  extract  corresponding  to  the 
THAMA-certified  detection  limit  in  the  original  sample.  This  assumes  that  the 
THAMA -certified  range  for  the  method  spans  a  range  of  10.  In  any  event,  the  initial 
calibration  will  bracket  the  certified  range  of  the  method  by  at  least  10%  (see  THAMA 
January  1990  Quality  Assurance  Program,  Subsection  8.1). 

The  data  from  initial  calibration  will  be  tabulated  and  plotted.  The  data  will  also  be 
subjected  to  Lack  of  Fit  and  Zero  Intercept  analyses.  Should  the  data  fail  the  LOF  and 
ZI  analyses,  THAMA  will  be  contacted  to  determine  the  course  of  action. 

After  initial  calibration  and  analysis  of  samples,  a  calibration  standard  at  the  highest 
concentration  will  be  analyzed  to  verify  that  the  instrument  response  has  not  changed 
from  the  previous  calibration.  The  response  must  fall  within  two  standard  deviations 
of  the  mean  response  for  the  same  concentration,  as  determined  from  precertification, 
certification,  and  preinitial/daily  calibrations.  If  the  calibration  standard  does  not  yield 
a  response  within  these  two  standard  deviations,  the  standard  will  be  reanalyzed.  If 
results  of  the  second  determination  still  do  not  fall  within  the  guidelines,  the  analyses 
will  be  considered  invalid  and  the  samples  will  be  reanalyzed  after  initial  calibration. 
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On  subsequent  days,  daily  calibration  will  be  performed  if  no  other  analytical  activities 
were  conducted  on  the  instrument  in  the  interim  period.  Daily  calibration  will  consist 
of  the  analysis  of  the  highest  calibration  standard  prior  to  and  after  analyses  of 
samples.  Acceptability  of  the  results  of  the  daily  calibration  standard  will  be  based  on 
the  criteria  discussed  above  for  the  analysis  of  the  standard  after  initial  calibration. 
Should  daily  calibration  fail,  initial  calibration  procedures  will  be  initiated. 

If  instrument  calibration  curves  are  found  to  be  nonlinear,  daily  calibration  will  consist 
of  a  minimum  of  three  calibration  standards  at  approximately  2,  5,  and  10  times  the 
concentration  corresponding  to  the  certified  reporting  limit  (CRL)  in  a  sample  but 
within  the  certified  range  of  the  method.  At  the  end  of  the  day,  two  additional 
calibration  standards  approximately  2  and  10  times  the  concentration  corresponding 
to  the  CRL  will  be  analyzed  to  determine  instrument  drift. 

Calibration  curves  fitted  by  a  quadratic  formula  will  require  the  analysis  of  four 
calibration  standards  between  2  and  10  times  the  concentration  corresponding  to  the 
CRL  for  daily  calibration.  An  additional  calibration  standard  at  approximately  10  times 
the  concentration  corresponding  to  the  CRL  will  be  analyzed  at  the  end  of  the  day. 

U4.4  ANALYTICAL  PROCEDURES 

Analytical  methods  will  be  conducted  exactly  as  certified,  documented,  and  approved 
by  THAMA.  Any  deviations  from  the  approved  method  must  be  approved  by  THAMA 
prior  to  analysis.  A  list  of  analytical  procedures  is  provided  in  Table  U4-1. 

Extracts  exceeding  the  calibration  or  certified  range  will  be  diluted  into  the  certified 
range  to  produce  a  valid  result.  This  will  be  noted  in  the  laboratory  report. 

U4.5  REFERENCE  MATERIALS 

Except  for  inorganic  reference  materials,  it  is  anticipated  that  all  reference  materials 
for  this  program  will  be  supplied  by  THAMA  in  usable  form. 

Any  characterization  records  for  reference  materials  not  supplied  by  THAMA  will  be 
maintained  in  the  laboratory  and  will  be  available  for  review.  A  portion  of  the  material 
will  be  sent  to  the  Central  QA  Laboratory. 

Records  of  all  reference  materials  used  in  this  program  will  be  maintained  by  the 
LQAC. 

U4.6  DATA  REDUCTION.  VALIDATION.  AND  REPORTING 

Individual  analysts  will  be  responsible  for  data  reduction  for  their  analyses. 
Concentrations  of  contaminants  in  extracts  will  be  determined  from  instrumental 
responses  of  the  extracts  applied  to  the  instrument  calibration  curve.  The  resultant 
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Table  U4-1 


Analytical  Procedures 


Parameter 

Matrix 

Method 

Base  Method 

TCL  Volatiles 

Water 

USATHAMA  UM14 

EPA  CLP  SOW 

Soil 

USATHAMA  LM13 

EPA  CLP  SOW 

Air 

EPA  TO-  14a 

EPA  TO- 14 

TCL  Semivolatiles 

Water 

USATHAMA  UM16b 

EPA  8270 

Soil 

USATHAMA  LM24 

EPA  CLP  SOW 

Air 

EPA  TO- 13 

EPA  TO- 13 

TAL  Metals: 

ICP 

Water 

USATHAMAb 

EPA  200,7/CLP 

Soil 

USATHAMAb 

EPA  200.7/CLP 

GFAA 

Water 

USATHAMA  SD24b 

EPA  200s/CLP 

Soil 

USATHAMA  JD13b 

EPA  200S/CLP 

Pb 

Air 

40  CFR  50  Appendix  J 

40  CFR  50  APP.J 

Mercury 

Water 

USATHAMA  SB03b 

EPA  245.1/245.5 

Soil 

USATHAMA  JB03b 

TCL  Pesticides/PCBs 

Water 

USATHAMA  UH16b 

EPA  8080 

Soil 

USATHAMA  LH13b 

EPA  8080 

Cyanide 

Water 

USATHAMA  TY05 

EPA  9010 

Soil 

USATHAMA  KY05 

EPA  9010 

Air 

NIOSH  7904 

NIOSH  7904 

TOC 

Soil 

EPA  Method  9060 

EPA  9060 

pH 

Soil 

EPA  Method  9045 

EPA  9045 

Nitrates 

Water 

USATHAMA  TF01 

EPA  353.1 

Soil 

USATHAMA  KF02 

EPA  353.1 

Explosives 

Water 

USATHAMA  UW01 

Soil 

USATHAMA  LW02 

Air 

NIOSH  0500 

Particulates 

Air 

40  CFR  50  Appendix  B 

40  CFR  50  APP.B 

Gross  Alpha/Gross  Beta 

Water 

EPA  600 

EPA  600 

Soil 

Laboratory-Specific 

Eberline 

Wipe 

Count 

Count 

Air 

Count 

Count 

Isotopic  Uranium 

Water 

EML-300  and  EPA 

EML-300  and  EP A 

U-234,  U-235,  U-238 

Soil 

600/4-80-032 

600/4-80-032 

Wipe 

EML-300 

EML-300 

Air 

HASL-300 

HASL-300 

HASL-300 

HASL-300 

Americium-241 

Wipe 

HASL-300  (alpha 
spectrometry) 

HASL-300 
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Analytical  Procedures 
(Continued) 


Parameter 

Matrix 

Method 

Base  Method 

TCL  Volatiles 

Water 

USATHAMA  UM14 

EPA  CLP  SOW 

Soil 

USATHAMA  LM13 

EPA  CLP  SOW 

Air 

EPA  TO-14* 

EPA  TO- 14 

Californium-252 

Wipe 

HASL-300d  (alpha 
spectrometry)0 

HASL-300 

Radon-226 

Wipe 

Laboratory- Specific 

EPA  903,1 

Cesium- 137 

Soil 

Laboratory-Specific 

Thorium-230 

Wipe 

EML-300 

Soil 

EML-300 

aMethod  to  be  performed  by  Coast-to-Coast  Laboratories. 
bTHAMA-certified  methods  for  A.D.  Little,  Inc. 
Modification  of  method  used  for  Am-241. 


Note:  Wipe  samples  will  be  analyzed  using  soil  methods.  Air  samples  for  metals  will 
be  analyzed  using  soil  methods. 
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concentrations  will  remain  unadjusted  before  being  reported  to  THAMA  because 
correction  factors  (e.g.,  accuracy,  percent  moisture,  and  dilution  factor)  are  maintained 
separately  in  the  IRDMIS.  Aqueous  samples  will  be  reported  in  terms  of  micrograms 
per  liter,  and  solid  samples  will  be  reported  in  terms  of  micrograms  per  gram. 

Data  will  contain  no  more  than  three  significant  figures  and  will  be  rounded  only  after 
all  calculations  have  been  completed.  When  samples  are  diluted  into  the  certified  range, 
the  reported  concentration  will  contain  one  less  significant  figure  than  an  undiluted 
sample.  Values  less  than  the  certified  reporting  limit  will  be  reported  as  "less  than"  the 
CRL. 

Method  blank  values  will  not  be  subtracted  from  sample  results  prior  to  entry  into  the 
THAMA  Installation  Restoration  Data  Management  Information  System. 

Analytical  results  will  be  submitted  to  the  appropriate  laboratory  section  manager  or 
senior  analytical  personnel  for  review  before  transfer  to  THAMA.  The  data  will  be 
reviewed  for  reasonableness  and  validity  as  well  as  to  ensure  that  the  required  quality 
control  was  included  in  the  analyses.  Reviewers’  names  and  dates  of  review  will  be 
recorded  on  the  data  package  checklist  similar  to  Appendix  T  in  the  THAMA  January 
1990  Quality  Assurance  Program.  The  data  will  then  be  reviewed  by  the  LQAC  before 
transfer  to  THAMA  to  verify  that  systems  were  in  control  at  the  time  of  analyses. 
Out-of-control  conditions  will  be  reported  to  and  resolved  by  the  appropriate  section 
manager  or  senior  analytical  person. 

Any  errors  that  can  be  corrected  by  the  laboratory  must  be  corrected  before 
transmission;  otherwise  the  data  will  be  returned  unprocessed.  Data  that  cannot  be 
corrected  by  the  laboratory  will  be  reviewed  by  the  THAMA  Chemistry  Branch  for 
acceptance  into  the  IRDMIS.  Satisfactory  data  will  be  submitted  to  the  data  technician 
for  entry  into  the  THAMA  Installation  Restoration  Data  Management  Information 
System. 

The  analysts  enter  data  into  the  laboratory  information  management  system  used  for 
processing  the  transfer  files.  The  transfer  file  wall  be  reviewed  by  the  data  technician 
for  entry  and  transmission  accuracy  using  the  THAMA  IRDMIS  local  PC  system.  The 
data  technician  will  perform  group  and  record  checks  on  the  data  before  transmission 
to  the  THAMA  IRDMIS.  Any  errors  will  be  corrected  until  final  review  exhibits  a  clean 
transfer  file. 


MKO  1\RPT:0228 101 1.00  l\phase2ri.app 


U4-6 


12/14/93 


SECTION  U5 


SYSTEM  CONTROLS 


U5.1  SAMPLE  CONTROL 

The  control  of  samples  is  an  integral  part  of  sample  management.  From  the  time  of 
collection  until  the  time  of  disposal,  a  sample  is  routinely  accounted  for  through  logs, 
chain-of-custody  documents,  shipping  documents,  laboratory  work  sheets,  and 
computerized  sample  tracking  systems.  In  the  field,  samples  are  under  the  control  of 
field  personnel  until  shipment  to  the  laboratory.  Within  the  laboratory,  the  samples 
are  in  the  physical  possession  of  personnel  or  locked  in  a  storage  refrigerator  from  the 
time  of  receipt  until  the  time  of  disposal. 

U5.2  DOCUMENT  CONTROL 

Documents  form  the  basis  of  a  legal  record  of  a  sample  from  the  time  of  collection  until 
disposal.  They  are  also  considered  confidential  information  for  the  client  and  are 
treated  accordingly.  Only  authorized  personnel  will  be  allowed  access  to  notebooks, 
logs,  analysis  records,  and  client  files. 

U5.3  QUALITY  CONTROL  SAMPLES 

Standard  Matrix  Blanks  contain  no  known  additions  of  target  analytes.  One  blank 
shall  be  included  in  each  analytical  lot,  regardless  of  certification  class.  A  single 
blank/spike  for  GC/MS  procedures  (Class  1A)  serves  as  standard  matrix  QC  blank  and 
spike.  Matrix  spike  and  matrix  spike  duplicates  may  be  required  if  specified  in  the 
contract  task  order. 

Independently  prepared  spiked  standard  and  natural  matrix  samples  shall  be  included 
in  each  lot.  A  single  standard  matrix  QC  sample,  a  method  blank/spike,  shall  contain 
all  certified  surrogate  analytes  spiked  at  approximately  10  times  the  CRL  (not  to  exceed 
the  upper  limit  of  the  certified  range)  for  GC/MS  procedures  (Class  1A).  For  the 
method  blank/spike,  surrogate  results  represent  the  QC  spike,  while  unspiked, 
non-surrogate  results  represent  the  method  blank.  Spiked  natural  matrix  QC  samples 
shall  consist  of  every  field  sample  spiked  with  all  certified  surrogate  analytes  at 
approximately  10  CRL,  The  spike  concentration  must  be  the  same  for  all  samples. 
Two  reportable  significant  figures  shall  be  allowed  for  control  sample  results. 

For  Class  1  methods,  a  method  blank  and  two  spiked  standard  matrix  QC  samples  shall 
be  included  in  each  lot.  All  control  analyses  at  a  concentration  of  approximately  10 
times  the  CRL  shall  be  added  to  the  spiked  standard  matrix  QC  sample.  A  third 
standard  matrix  spike  will  contain  ail  control  analytes  at  approximately  two  times  the 
CRL.  For  Class  IB  methods,  a  method  blank  and  one  spiked  standard  matrix  QC 
sample  shall  be  included  in  each  lot.  All  control  analytes  at  a  concentration  of 
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approximately  10  times  the  CRL  shall  be  added  to  the  spiked  standard  matrix  QC 
sample. 

Method  blanks  and  method  spikes  will  not  be  corrected  for  accuracy.  When  method 
blanks  with  results  above  the  CRL  are  encountered,  the  significance  or  impact  of  the 
results  on  the  validity  of  the  actual  samples  will  be  evaluated  on  a  case-by-case  basis. 
Generally,  low  level  positive  results  from  method  blanks  would  tend  to  have  little 
significance  if  all  samples  yielded  relatively  high  concentrations.  On  the  other  hand, 
if  concentrations  of  samples  and  method  blanks  were  comparable,  little  or  no 
contamination  may  exist  at  the  site. 

U5.4  CONTROL  CHARTS 

U5.4.1  GENERAL 

Control  charts  will  be  established  and  maintained  to  track  the  performance  of  each 
analytical  method  for  each  analyte.  Data  to  be  used  in  control  charts  will  be  derived 
from  certification  data  and  daily  quality  control  samples.  Percent  recoveries  will  be 
calculated  by  subtracting  the  instrument  response  value  of  the  method  blank  from  the 
instrument  response  value  of  the  method  spike.  The  found  concentration  (corrected  for 
the  blank)  of  the  method  spike  is  divided  by  the  amount  of  spike,  and  multiplied  by  100. 
These  data  will  not  be  corrected  for  accuracy.  Control  charts  will  be  submitted  to 
THAMA  for  review  within  5  working  days  after  analysis.  The  laboratory  will  pull  all 
control  charts  generated  for  analyses  performed  during  the  previous  week  and  submit 
a  package  of  control  charts. 

Each  control  chart  will  contain  the  following  information: 

•  Laboratory. 

•  Method  number. 

•  Chart  title 

Single  day  X  control  chart,  where  X  is  the  average  percent  recovery 
Single  day  R  control  chart,  where  R  is  the  range  of  the  percent 
recoveries 

Three-point  moving  average  X  control  chart 

Three-point  moving  average  R  control  chart. 

•  Analyte. 

•  Spike  concentration. 

•  Percent  recovery  (for  X  control  charts)  or  Range  (for  R  control  charts). 

•  Lot  designation  and  date  on  the  X  axis. 

•  Mean,  warning  limits,  and  control  limits. 

U 5.4.2  X  CONTROL  CHARTS 

Certification  data  will  be  used  to  initialize  the  X  control  charts  using  the  following 
procedure: 
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a.  Percent  recoveries  from  certification  days  1  and  2  will  be  averaged  to 
obtain  the  first  value. 

b.  Percent  recoveries  from  certification  days  3  and  4  will  be  averaged  to 
obtain  the  second  value. 

c.  Percent  recoveries  from  the  method  spikes  in  the  first  lot  will  be  averaged 
to  obtain  a  third  value. 

d.  The  values  from  a,  b,  and  c  will  be  averaged  to  obtain  the  average 
recovery  (X)  between  pairs  of  spikes;  this  will  be  the  central  line  of  the  X 
control  chart. 

e.  The  range  (difference)  of  percent  recoveries  for  each  pair  (days  1  and  2, 
days  3  and  4,  and  QC  spikes  from  the  first  lot)  will  be  averaged  to  obtain 
a  value  for  R. 

f.  The  upper  and  lower  warning  limits  will  be  calculated  from  X  +/-  1.25R, 
respectively. 

g.  The  upper  and  lower  control  limits  will  be  calculated  from  X+/-  1.88R, 
respectively. 

After  the  first  control  chart  points,  control  limits  will  be  recalculated  using  only 
in-control  data  points.  Any  points  falling  outside  the  control  limits  (UCL  or  LCL)  will 
be  dropped  from  the  calculations  (but  left  on  the  charts)  and  the  control  limits 
recalculated  using  only  points  between  the  UCL  and  LCL.  Charts  will  then  be  updated 
with  the  newly-calculated  control  limits  and  all  points  plotted.  Lots  associated  with 
points  outside  the  new  control  limits  may  require  resampling  and/or  reanalysis  as 
determined  by  the  THAMA  Project  Officer  on  a  case-by-case  basis.  These  limits  will 
then  be  used  to  control  analysis  of  the  next  20  lots.  The  control  charts  themselves  are 
now  the  outlier  test,  although  individual  measurements  continue  to  be  tested  as  outliers 
if  they  appear  not  to  be  representative  of  the  data  set.  A  maximum  of  the  40  most 
recent  lots  will  be  used  to  recalculate  control  limits  for  60  or  more  lots  (40-point  slide). 

U5.4.3  R  CONTROL  CHARTS 

R  control  charts  will  be  initiated  using  the  same  data  as  described  for  X  control  charts 
in  the  previous  subsection. 

a.  R  will  be  the  base  line  of  the  control  chart. 

b.  The  upper  warning  limit  will  be  2.511R. 

c.  The  upper  control  limit  will  be  3.267R. 

U5.4.4  THREE-POINT  MOVING  AVERAGE  X  CONTROL  CHART 

Three-point  moving  average  X  control  charts  will  be  constructed  from  the  first  three 
days  of  certification  and  updated  from  subsequent  groups  of  three  individual 
determinations  of  recoveries.  The  concentration  to  be  plotted  will  be  the  concentration 
closest  to  twice  the  CRL. 
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a.  The  first  point  to  be  plotted  will  be  the  average  percent  recovery  from  the 
first  three  days  of  certification. 

b.  Subsequent  points  to  be  plotted  will  be  the  average  percent  recovery  from 
subsequent  groups  of  three  determinations. 

c.  The  range  for  each  point  is  the  difference  between  the  highest  and  lowest 
values  in  each  group  of  three  determinations;  MAR  will  be  the  average  of 
these  ranges. 

d.  The  central  point  (MAX)  on  the  control  chart  will  be  the  average  of  the 
plotted  points. 


e. 

The  upper 
respectively. 

and 

lower 

warning 

limits 

will 

be 

MAX 

+/- 

0.682MAR, 

f. 

The  upper 

and 

lower 

control 

limits 

will 

be 

MAX 

+/- 

1.023MAR, 

respectively. 


U5.4.5  THREE-POINT  MOVING  AVERAGE  R  CONTROL  CHART 

Three-point  moving  average  R  control  charts  will  be  constructed  using  the  same  data 
described  for  the  MAX  control  charts  in  the  previous  subsection. 

a.  The  baseline  of  the  control  chart  will  be  the  MAR,  as  described  in 
Subsection  C5.4.4. 

b.  The  upper  warning  limit  will  be  2.050MAR. 

c.  The  upper  control  limit  will  be  2.575MAR. 

U5.5  OUT-OF-CONTROL  CONDITIONS 

If  two  consecutive  spikes  at  twice  the  CRL  are  not  detected,  the  method  is  considered 
out  of  control. 

An  out-of-control  condition  will  not  automatically  require  resampling  or  reanalysis. 
The  data  will  be  reviewed  daily  to  determine  if  the  specific  analyses  were  under  control 
at  the  time  of  analysis. 

U5.5.1  X  CONTROL  CHARTS 

Analysis  will  be  considered  to  be  out  of  control  if: 

a.  A  value  is  outside  of  the  control  limits. 

b.  Five  successive  points  monotonically  increase  or  decrease. 

c.  A  series  of  7  successive  points  occurs  on  the  same  side  of  the  central  line. 

d.  Five  successive  points  monotonically  increase  or  decrease. 

e.  A  cyclical  pattern  is  observed. 

f.  Two  successive  points  occur  between  the  upper  warning  and  control  limits 
or  between  the  lower  warning  and  control  limits. 
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g.  More  than  one-third  of  the  analytes  in  a  multi-analyte  method  are  out  of 
control. 

U5.5.2  R  CONTROL  CHARTS 

Analysis  will  be  considered  to  be  out  of  control  if: 

a.  A  value  is  above  the  upper  control  limit. 

b.  Five  points  monotonically  increase  or  decrease. 

c.  A  cyclical  pattern  is  observed. 

d.  Two  successive  points  between  the  upper  warning  and  control  limits. 
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SECTION  U6 


PREVENTIVE  MAINTENANCE 


The  contractor’s  laboratory  is  responsible  for  the  periodic  maintenance  and  calibration 
of  its  major  equipment  to  include  gas  chromatograph/mass  spectrometers,  gas 
chromatographs,  high  pressure  liquid  chromatographs,  atomic  absorption 
spectrophotometers,  inductively  coupled  spectrophotometers,  UV  spectrophotometer, 
and  a  infrared  spectrophotometer.  The  contractor’s  laboratory  is  also  responsible  for 
emergency  response  to  minimize  equipment  downtime. 


MKO  1\RPT:0228 1011 .00  l\pha*e2ri.app 


U6-1 


12/14/93 


SECTION  U7 


RECORDKEEPING 


U7.1  GENERAL 

All  notebooks  will  be  bound  and  will  contain  sequentially  numbered  pages.  Any 
documentation  sheets  that  were  originally  loose  will  be  permanently  affixed  to  the 
notebook  if  they  are  to  be  included  as  part  of  the  entries. 

All  entries  will  be  made  in  ink.  Personnel  making  entries  are  required  to  date  and  sign 
the  entries  on  each  page.  Corrections  will  be  made  by  drawing  a  single  line  through 
the  incorrect  entry,  entering  the  correction,  and  initialling  and  dating  the  entry. 

U7.2  NOTEBOOKS  AND  LOGS  TO  BE  MAINTAINED 

U7.2.1  FIELD  NOTEBOOKS 

Field  notebooks  will  be  maintained  to  record  all  geotechnical  activities  including  well 
drilling,  well  installation,  and  well  development. 

U7.2.2  SAMPLING 

Sampling  notebooks  will  be  kept  in  an  installation-specific  notebook  indicating: 

•  Name  of  the  installation. 

•  Date  and  time  of  sampling  event. 

•  Site  information  to  uniquely  identify  sampling  locations. 

•  Unique  sequential  field  identification  number  for  each  sample. 

•  Matrix  being  sampled. 

•  Method  of  sampling  to  include  filtering,  if  applicable. 

•  Sampling  depth. 

•  Number  of  samples  taken. 

•  Temperature,  pH,  and  conductivity  of  well  water  when  sampling. 

•  Groundwater  height  measurements  and  calculations  to  determine  standing 
volume  in  a  well. 
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•  Volume  of  water  removed  from  a  well  during  purging. 

•  Preservatives  added  to  samples. 

•  Analytes  for  which  samples  were  taken. 

•  Observations  which  may  affect  the  validity  of  the  results. 

•  Number  of  shipping  containers  and  samples  shipped. 

•  Date  of  shipping. 

•  Printed  name  and  signature  of  the  sampler. 

U7.2.3  LOG-IN 

Information  to  be  contained  in  the  log-in  notebook  will  be: 

•  Date  of  receipt. 

•  Carrier  from  whom  received. 

•  Number  of  shipping  containers  received. 

•  Field  identification  numbers. 

•  Condition  of  samples  on  arrival. 

•  Analytes  requested. 

•  Internal  laboratory  identification  numbers  assigned. 

U7.2.4  SAMPLE  AND  STANDARDS  PREPARATION 

Notebooks  will  be  maintained  that  describe  the  preparation  of  samples  and  calibration 
standards.  Typical  information  for  these  notebooks  includes: 

•  Date. 

•  Operation  (extraction,  digestion,  distillation,  etc.). 

•  Weights  and  volumes  used. 

•  Sources  of  reagents  or  standards, 

•  Sample  identification. 

•  Solvent. 

•  Concentrations  or  reagents  and  standards  as  well  as  dilution  schedules. 

•  Expiration  date. 

•  Signature  of  analyst. 

U7.2.5  INSTRUMENTAL  ANALYSIS 

Instrumental  notebooks  will  contain  information  on  instrument  calibration  and  sample 
analyses.  Each  instrument  will  have  a  specific  notebook  assigned  to  it.  Typical 
information  contained  in  these  notebooks  includes: 
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•  Date, 

•  Analyte(s)  of  concern. 

•  Responses  and  concentrations  of  calibration  standards. 

•  External  calibration  checks. 

•  Sample  identification. 

•  Signature  of  analyst. 

U7.2.6  REFERENCE  MATERIALS 

A  notebook  documenting  transactions  involving  reference  materials  will  be  maintained 
by  the  LQAC, 

Information  contained  in  this  document  will  include: 

•  Date  of  transaction. 

•  Nature  of  transaction  (receipt  of  reference  material,  disbursement  of 
reference  material,  request  for  reference  material). 

•  Sources  of  reference  materials. 

•  Identification  of  reference  materials  (lot  numbers,  date  of  subsampling, 

etc.). 

•  Internal  characterization  records. 

•  Quantities  available. 

•  Purities  or  concentrations. 

•  Signature  of  person  conducting  the  transaction. 

U7.2.7  INSTRUMENT  MAINTENANCE 

A  separate  notebook  will  be  maintained  to  document  instrument  maintenance  and 
repairs.  Information  contained  in  these  notebooks  will  include: 

•  Date  of  activity. 

•  Nature  of  activity  (repair,  periodic  maintenance,  parts  replacement,  etc.). 

•  Malfunctions  observed. 

•  Signature  of  person  performing  the  activity. 
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U7.2.8  DATA  MANAGEMENT  SYSTEM 

A  notebook  will  be  maintained  to  document  all  lot  assignments,  dates  of  control  chart 
generation,  control  chart  submissions,  transfer  file  generation,  and  transfer  file 
submission. 

U7.2.9  AUDITS 

A  notebook  will  be  maintained  by  the  LQAC  documenting  all  external  and  internal 
audits  conducted  in  support  of  the  MTL  task.  This  notebook  will  contain  the  formal 
results  of  THAMA  conducted  audits  (external)  as  well  as  the  internal  audits  performed 
by  the  LQAC  as  part  of  his/her  routine  duties. 
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SECTION  U8 


AUDITS 


U8.1  EXTERNAL 

External  audits  may  be  conducted  by  THAMA  to  resolve  discrepancies  or  weaknesses 
in  project  plans  and  to  verify  compliance  with  project  requirements.  The  results  of 
these  audits  will  be  distributed  by  the  auditor  to  the  THAMA  Project  Officer,  THAMA 
Analytical  Branch,  the  contractor’s  Project  Manager,  the  contractor’s  Analytical  Project 
Manager,  and  the  contractor’s  Laboratory  QA  Coordinator.  The  LQAC  will  maintain 
the  results  of  these  audits  in  the  project  audit  notebook, 

U8.2  INTERNAL 

As  part  of  his/her  routine  duties,  the  LQAC  will  conduct  internal  laboratory  audits. 
These  audits  will  be  conducted  for  the  prime  contractor  laboratory  as  well  as  for  the 
three  subcontractor  laboratories.  These  formal  laboratory  audits  will  be  documented 
in  the  project  audit  notebook,  and  the  notebook  will  be  available  for  inspection  on 
request. 

The  LQAC  will  review,  as  part  of  the  internal  audit,  the  procedures  and  documentation 
associated  with  the  MTL  project.  The  review  will  include  an  evaluation  of  the 
adherence  in  actual  practice  to  the  procedures  outlined  in  project  plans  and  documents. 
In  particular,  procedures  concerned  with  preparation  of  standards,  instrumental 
analyses,  documentation,  quality  control  samples,  and  data  management  will  be 
inspected.  Deviations  from  approved  procedures  will  be  noted  as  well  as  actions  taken 
to  correct  the  condition.  Copies  of  the  laboratory  audit  will  be  distributed  by  the  LQAC 
to  the  contractor’s  Project  Manager,  the  contractor’s  Analytical  Project  Manager,  the 
contractor’s  Analytical  Laboratory  Manager,  and  THAMA.  WESTON’s  LQAC  will 
conduct  audits  of  subcontractor  laboratories  during  the  project  (preferably,  prior  to  the 
start  of  the  fieldwork). 

A  summary  of  internal  findings  will  be  submitted  to  the  contractor’s  Project  Manager 
for  inclusion  in  the  final  task  report. 


MKO  1\RPT;0228 10 1 1.001\phase2ri,app 


U8-1 


12/14/93 


SECTION  U9 
CORRECTIVE  ACTIONS 


Corrective  actions  are  taken  when  policies,  procedures,  or  documentation  are  not  in 
conformance  with  project  direction  or  goals.  Such  actions  are  most  effective  if 
discrepancies  are  recognized  and  resolved  at  the  lowest  level  since,  at  these  levels,  the 
actions  tend  to  be  most  immediate.  The  rapid  resolution  of  problems  many  times 
prevents  the  occurrence  of  subsequent  problems  which  may  be  more  difficult,  expensive, 
or  time-consuming  to  correct. 

In  accordance  with  this  philosophy,  when  a  discrepancy  in  the  analytical  system  is 
observed,  actions  will  be  designed  to  correct  the  problem  immediately  and  to  bring  the 
system  into  conformance  with  project  direction  and  goals.  The  corrective  action  will 
be  implemented  at  the  lowest  level  to  ensure  rapid  response.  Problems  that  cannot  be 
resolved  at  one  level  will  be  brought  to  the  attention  of  the  next  successive  level  for 
resolution. 

Data  resulting  from  the  problem  area  will  be  reviewed  for  validity.  If  the  data  are 
deemed  questionable,  actions  will  be  taken  either  to  verify  the  results  or  to  repeat  the 
procedure  after  the  problem  is  corrected.  In  no  case  will  questionable  data  be  used  or 
reported. 
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SECTION  U10 


QUALITY  CONTROL  REPORTS 


U10.1  QUALITY  CONTROL  SAMPLE  ANALYSES 

Results  of  quality  control  samples  analyzed  with  installation  samples  will  be  submitted 
via  the  Installation  Restoration  Data  Management  Information  System  (IRDMIS). 
These  submissions  are  anticipated  to  occur  on  a  weekly  basis  during  periods  of 
analytical  activity. 

U10.2  CONTROL  CHARTS  AND  CONTROL  CHART  CHECKLIST 

Control  charts  as  well  as  the  control  chart  checklist  (THAMA,  January  1990,  Quality 
Assurance  Program,  Appendix  Q)  will  be  submitted  to  THAMA  on  a  weekly  basis.  The 
report  will  be  mailed  within  5  working  days  after  completion  of  the  week's  analyses. 
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V.  Data  Management 
Plan 


SECTION  VI 
INTRODUCTION 


The  goal  of  any  project  or  program  is  to  arrive  at  reliable  and  defensible  conclusions 
and  recommendations  based  on  available  data.  Data  generated  in  support  of  a  program 
as  well  as  existing  data  form  the  basis  of  these  conclusions  and  recommendations. 
Experience  in  conducting  environmental  surveys  and  assessments  has  shown  that  the 
quantity  of  data  that  is  accumulated  and  utilized  to  perform  the  necessary  evaluations 
of  conditions  at  a  site  can  be  unwieldy  and  confusing.  Efficient  and  comprehensive 
consideration  of  all  available  data  requires  that  these  data  be  properly  organized  for 
efficient  review  and  manipulation.  Organization  of  these  data  must  be  planned  prior 
to  actual  collection  to  ensure  the  generation  of  identifiable  and  usable  data  and  to 
provide  procedures  for  the  efficient  validation  and  transfer  of  data  to  a  system  in  which 
they  can  be  evaluated  with  minimal  effort. 

The  purpose  of  this  Data  Management  Plan  is  to  outline  the  organization,  policies,  and 
procedures  necessary  to  ensure  that  required  map  file  geotechnical  and  chemical 
analysis  data  from  the  Army  Materials  Technology  Laboratory  Phase  2  Remedial 
Investigation  are  accurately  and  efficiently  transmitted  from  the  point  of  generation  to 
the  Level  2  files  in  the  THAMA  Installation  Restoration  Data  Management  Information 
System  (IRDMIS). 
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SECTION  V2 


ORGANIZATION 


The  Program  Manager  is  ultimately  responsible  for  all  activities  conducted  on  projects 
under  his/her  control,  including  data  management. 

To  assist  the  Program  Manager  in  the  day-to-day  operations,  Project  Managers  are 
appointed  to  assume  certain  responsibilities  for  administration,  coordination,  and 
operations  associated  with  a  project.  The  Task  Manager  reports  directly  to  the 
Program  Manager  and  takes  responsibility  for  the  routine  (and  nonroutine)  conduct  of 
a  project.  The  Task  Manager  also  acts  as  a  focal  point  for  coordination  of  the  various 
tasks  associated  with  a  project. 

The  Program  Data  Coordinator  reports  directly  to  the  Program  Manager  and  is 
responsible  for  the  planning  and  technical  approach  of  the  data  management  activities 
associated  with  the  project.  The  Program  Data  Coordinator  monitors,  on  a  periodic 
basis,  the  progress  of  data  flow  to  ensure  that  schedule,  technical  quality,  and  resource 
requirements  are  met.  In  addition,  he  is  responsible  for  briefing  technical  personnel 
on  the  requirements  of  the  project  and  for  identifying  and  resolving  any  technical 
problem  areas  concerning  data  management. 

The  Task  Data  Manager  interfaces  with  the  PDC  for  the  day-to-day  monitoring  of  data 
management  activities.  The  TDM  is  responsible  for  ensuring  that  the  data  collected 
from  the  various  technical  areas  employed  on  a  task  are  properly  coded  and  entered 
into  the  data  management  system.  These  data  will  be  generated  from  the  geotechnical, 
sampling,  and  analysis  functions.  The  TDM  has  the  authority  to  enforce  proper 
procedures  as  outlined  in  this  plan  and  to  implement  corrective  procedures  to  ensure 
the  accurate  and  timely  flow  and  transfer  of  data. 

Data  technicians  will  be  utilized  for  the  actual  entiy  of  data  into  the  IRDMIS.  They 
will  be  responsible  for  the  entry  of  data  generated  in  the  laboratory  to  produce  the 
transfer  file  for  transmission  to  UNISYS  at  Edge  wood. 

The  generators  of  data  (geologists,  samplers,  and  chemical  analysts)  will  be  responsible 
for  accurate  and  complete  documentation  of  data  required  under  the  task  and  for 
ensuring  that  these  data  are  presented  to  the  TDM  in  a  timely  manner. 
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SECTION  V3 


GEOTECHNICAL  DATA 


Data  generated  in  the  field  will  be  documented  in  field  notebooks  and  on  standard 
forms  (THAMA  Installation  Restoration  Data  Management  Information  System  data 
formats).  The  field  logs  will  contain  information  such  as  a  diary  of  activities,  sample 
identification  with  pertinent  data,  well  survey  calculations,  well  level  measurements, 
and  instrument  calibration  data.  Where  applicable,  boring,  well,  and  test  pit  logs  and 
well  point  development  logs  will  be  kept  and  submitted  to  THAMA  within  three 
working  days  after  completion  of  the  activity. 

It  is  expected  that  immediately  after  the  sampling  activity  is  completed  the  WESTON 
Data  Technician  will  create,  using  the  PC  IRDMIS,  the  file,  generally  known  as  its  map 
file,  which  will  contain  the  descriptions  of  all  sample  locations.  The  map  file 
information  includes  but  is  not  limited  to  site  ID  well/borehole  depth,  and  the 
coordinates  of  the  sample  location.  The  map  file  serves  2  purposes:  it  is  used  during 
the  record  and  group  checking  process  and  it  provides  information  in  support  of  the 
generation  of  maps  and  other  graphics  on  the  UNISYS-based  IRDMIS. 

Geotechnical  files  from  the  field  will  include  well  data,  stabilized  groundwater  data,  and 
field  drilling  data.  Field  drilling  and  stabilized  groundwater  data  will  be  entered  prior 
to  sampling  and  analysis  data.  Verification  of  data  entry  will  be  performed  by 
comparing  the  computer  output  with  the  coding  documents. 

When  the  field  data  have  been  approved  by  the  Senior  Geologist,  the  formatted  data 
will  be  submitted  to  the  TDM.  A  transfer  file  will  be  created  utilizing  the  data  entry 
routine  supplied  by  THAMA.  When  the  transfer  file  has  been  completed,  the  data  will 
be  transmitted  to  a  Level  1  file  on  the  UNISYS  at  Edge  wood. 
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SECTION  V4 


SAMPLING  AND  ANALYSIS  DATA 


Sampling  data  will  be  collected  in  the  field  and  recorded  in  the  sampling  log  specific  to 
the  installation.  Information  to  be  recorded  includes  the  site  type,  site  ID,  sampling 
date  and  time,  field  sample  number,  sample  program,  sample  depth  (if  applicable),  and 
the  sampling  technique.  A  complete  listing  of  the  information  to  be  recorded  is 
presented  in  Table  V4-1.  The  sample  container  will  be  annotated  in  waterproof  ink 
with  the  installation  name,  a  field  sample  number,  sampling  date,  analytes,  and 
preservatives.  A  chain-of-custody  form  will  also  be  completed  in  the  field.  When  the 
samples  are  shipped  to  the  laboratory,  a  copy  of  the  corresponding  logbook  pages  as 
well  as  the  chain-of-custody  documentation  will  accompany  the  samples. 

Collection  of  analytical  data  begins  on  arrival  of  the  samples  at  the  laboratory.  The 
chain-of-custody  sheets  accompanying  the  samples  from  the  field  are  signed  by  the 
laboratory  sample  custodian  after  verification  that  samples  noted  on  the  documentation 
coincide  with  the  sample  containers  being  delivered.  Should  any  containers  be  broken  or 
missing,  the  chain-of-custody  sheets  will  be  annotated  to  that  effect  and  the  sampling 
team  leader  will  be  notified  immediately.  Samples  will  be  logged  into  a  project-specific 
log-in  notebook  and  into  the  computerized  laboratory  data  management  system  by 
parameter  code,  site  identification,  and  laboratory  sample  number  as  well  as  other 
pertinent  account  information.  The  copies  of  the  pages  from  the  sampling  logbook 
accompanying  the  samples  and  a  copy  of  the  completed  chain-of-custody/log-in 
information  will  be  submitted  to  the  laboratory  data  technician  for  later  correlation 
with  the  analytical  results. 

On  receipt  of  the  sample  log  information  the  data  technician  will  contact  the 
Laboratory  Quality  Assurance  Coordinator  (LQAC),  who  will  assign  analytical  lot 
numbers  to  the  samples  in  accordance  with  THAMA  procedures.  The  quality  control 
samples  for  each  analytical  lot  will  also  receive  THAMA  sample  numbers.  The  first 
three  letters  of  the  six-character  sample  code  will  designate  the  analytical  lot  while  the 
remaining  three  digits  will  indicate  the  sample  number  within  the  lot  (e.g.,  AAB006 
indicates  the  sixth  sample  in  lot  AAB).  This  activity  will  be  followed  by  the  entry  of  lot 
information  into  the  applicable  laboratory  computer  system. 

When  the  samples  are  taken  for  analysis,  the  chain-of-custody  sheets  will  be  signed  by 
the  individual  analysts  to  acknowledge  receipt  of  the  samples  for  processing.  When 
analyses  are  complete,  the  analyst  will  reduce  the  data  for  QC  samples  to  determine  if 
the  analyses  were  in  control.  The  QC  results  will  then  be  reviewed  by  the  section 
manager  and  forwarded  to  the  LQAC  for  verification. 
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Table  V4-1 
Sampling  Data 


•  Installation 

•  Field  sample  number 

•  Matrix 

•  Sampling  depth  (if  applicable) 

•  Sampling  date  and  time 

•  Sampling  location 

•  Method  of  sampling 

•  Preservatives 

•  Analytes 

•  Significant  observations 

•  Printed  name  and  signature  of  sampler 

•  Number  of  samples  taken 

•  Temperature,  pH,  and  conductivity  of  well  water  when  sampling 

•  Groundwater  height  measurements  and  calculations  to  determine  standing 
volume  in  a  well 

•  Volume  of  water  removed  from  a  well  during  purging 

•  Number  of  shipping  containers  and  samples  shipped 

•  Date  of  shipping 
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If  the  QAC  agrees  that  the  data  are  in  control,  the  analyst  will  be  directed  to  proceed 
with  data  reduction  for  the  samples.  Meanwhile,  the  QAC  will  continue  to  process  the 
QC  results  for  submission  of  the  control  charts  to  THAMA  on  a  weekly  basis  for  review 
and  approval.  Individual  analysts  are  responsible  for  data  reduction  for  their  analyses. 
Concentrations  of  contaminants  in  extracts  will  be  determined  from  instrumental 
responses  of  the  extracts  applied  to  the  instrument  calibration  curve.  The  resultant 
concentration  will  then  be  modified  by  applying  the  appropriate  dilution/concentration 
and  sample  weight  or  volume  to  obtain  a  final  reportable  concentration  in  the  original 
matrix.  For  soils,  results  are  not  corrected  for  moisture;  however,  percent  moisture  is 
reported  with  the  result.  Aqueous  samples  will  be  reported  in  units  of  micrograms  per 
liter,  and  solid  samples  will  be  reported  in  units  of  micrograms  per  gram. 

Data  will  contain  no  more  than  three  significant  figures  and  will  be  rounded  only  after 
all  calculations  have  been  completed.  When  samples  are  diluted  into  the  certified  range, 
the  reported  concentration  will  contain  one  less  significant  figure  than  an  undiluted 
sample.  Values  less  than  the  certified  reporting  limit  (CRL)  will  be  reported  as  "less 
than"  the  CRL.  The  CRL  for  a  diluted  sample  will  be  multiplied  by  the  dilution  factor  to 
more  accurately  reflect  the  observable  limit.  The  dilution  factor  is  reported  with  the 
data. 

Method  blank  values  will  not  be  subtracted  from  sample  results  prior  to  entry  into  the 
THAMA  IRDMIS.  When  method  blanks  with  results  above  the  CRL  are  encountered, 
the  significance  or  impact  of  the  results  on  the  validity  of  the  actual  samples  will  be 
evaluated  on  a  case-by-case  basis.  Generally,  low  level  positive  results  from  method 
blanks  would  tend  to  have  little  significance  if  all  samples  yielded  relatively  high 
concentrations.  On  the  other  hand,  if  concentrations  of  samples  and  method  blanks 
were  comparable,  little  or  no  contamination  may  exist  at  the  site. 

The  data  will  also  be  reviewed  by  the  laboratory  section  manager  for  appropriate  and 
acceptable  quality  control  results.  When  the  data  are  deemed  to  be  acceptable,  they  will 
be  submitted  to  the  LQAC  for  the  final  audit. 

The  LQAC  will  review  the  data  for  compliance  with  THAMA  guidelines.  When  the  data 
are  considered  to  be  in  consonance  with  THAMA  requirements,  the  QAC  will  submit 
the  data  to  the  laboratory  data  technician  for  correlation  with  the  sample  log 
information  which  has  been  previously  entered.  Simultaneously,  a  copy  of  the  cover 
sheet  accompanying  this  data  will  be  sent  to  the  TDM  for  describing  and  tracking  the 
data.  The  analyst  will  then  enter  the  data  into  the  laboratory  information  management 
system  thus  completing  the  information  required  prior  to  transmission  to  THAMA. 

Once  the  analytical  data  has  been  entered  for  a  lot,  the  information  is  then  transferred 
from  the  laboratory  via  transfer  files  to  the  PC-based  IRDMIS  for  record,  group,  and 
other  verification.  GC/MS  library  search  compounds  will  be  coded  for  entry  into 
IRDMIS  as  follows: 
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•  For  compounds  whose  chemical  name  can  be  determined  with  95%  or 
greater  accuracy,  that  chemical  name  will  be  reported. 

•  All  other  compounds  will  be  entered  as  unknowns  (UNK),  and  their 
relative  retention  times  will  also  be  entered.  Hard  copies  of  the  three 
"best  fit"  chemical  names  (mass  spectral)  will  be  transmitted  to  the 
THAMA  chemistry  group. 

The  subcontractor  laboratories  performing  chemical  analyses  will  enter  their  data 
directly  into  IRDMIS.  The  subcontractor  laboratories  performing  radiological  analyses 
and  air  analyses  will  transmit  their  data  to  WESTON  in  a  previously  agreed  upon 
format.  The  WESTON  data  management  group  will  then  enter  the  data  into  IRDMIS. 
This  data  will  be  verified  as  described  above.  Once  the  data  has  been  verified  (and 
corrected,  if  necessary),  it  is  ready  for  transmission  to  THAMA.  Data  will  them  be 
transmitted  to  THAMA  electronically,  or  it  will  be  transmitted  on  a  floppy  diskette, 
WESTON  will  transmit  the  data  from  the  Eberline  and  Coast  to  Coast  laboratories,  as 
well  as  from  its  own  laboratory.  Arthur  D.  Little  will  be  responsible  for  the 
transmission  of  its  data.  All  transmittals  will  include  a  cover  letter  to  the  Project 
Officer.  The  transmittal  of  this  data  will  serve  to  initiate  the  data  tracking  system  at 
WESTON. 


MKO  1\RPT:  022810 1 1.00  l\pha«2riapp 


V4-4 


12/14/93 


SECTION  V5 
ERDMIS 


The  IRDMIS  is  composed  of  two  components;  the  PC-based  data  entry  and  validation 
system  and  the  UNISYS-based  reporting  system.  WESTON  routinely  uses  the  reporting 
system  to  generate  various  chemical  reports  and  maps.  Regarding  the  input  of  data  to 
the  IRDMIS,  WESTON  uses  the  PC-based  IRDMIS  for  geotechnical  data  and  a  com¬ 
bination  of  the  WESTON  Laboratory  Information  Management  System  (LIMS)  and  the 
PC-based  IRDMIS  for  sampling  and  analytical  data.  WESTON  has  modified  its  LIMS 
to  accept  sampling  and  analytical  data  and  to  produce  data  records  that  are  compatible 
with  the  PC  IRDMIS.  Complete  information  for  analytical  lots  are  typically  transferred 
to  the  PC  as  soon  as  analysis  results  are  available  and  entered  into  the  LIMS.  Data 
flow  with  IRDMIS  is  graphically  summarized  in  Figure  V-l. 

Each  analytical  lot  is  then  subjected  to  the  record  check  routine  of  the  IRDMIS  to  look 
for  entry  errors  associated  with  incorrect  analytes,  certification,  holding  times,  and 
similar  information.  Entry  errors  will  be  corrected  using  the  edit  function  of  the 
program.  When  the  analytical  lot  is  found  to  be  clean  by  the  record  check  routine,  the 
lot  will  be  subjected  to  the  group  check  routine  to  detect  errors  in  the  site  data  such  as 
IDs,  number  of  QC  samples,  and  QC  spiking  levels.  Any  errors  (technical  as  well  as 
format)  in  Level  1  will  be  corrected  prior  to  transmitting  the  data  to  UNISYS  at 
Edgewood.  When  the  data  have  successfully  passed  the  group  check  routine,  the  data 
will  be  converted  to  a  transfer  file  for  transmission. 

Weekly  transmission  of  data  to  UNISYS  at  Edgewood  is  anticipated.  Diskettes 
containing  transfer  files  will  be  mailed  to  THAMA  on  a  weekly  basis.  Hard  copies  of 
the  transfer  files  will  accompany  the  diskette  and  copies  of  the  diskette  and  the  transfer 
file  print  out  will  be  maintained  by  the  contractor.  Data  will  be  transmitted  to  UNISYS 
computer,  processed  through  the  verification  error  routine,  and  passed  on  to  Level  2. 
All  files  in  Levels  2  and  3  will  be  the  responsibility  of  the  federal  government. 
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